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Tue PRESIDENT referred to the death of Sir Charles Morgan, Past 
President, and it was accordingly resolved :— 


That the members present at this Ordinary Meeting record the aa dl 
regret with which they have learned of the death of Sir Charles 
Langbridge Morgan, C.B.E., D.Eng., who was elected into The Insti- 
tution in January, 1883, became a Member of Council in November, 
1912, Vice-President in November, 1919, and President in November, — 
1923; and that an expression of their sincere condolences be Oong 
veyed to the members of his family. 


THE DUGALD OLERK LECTURE, 1940. 


THE PRESIDENT, in introducing the Lecturer, mentioned that that was 
the second Dugald Clerk Lecture to be delivered, and on that occasion, in 
view of present conditions, it was decided to have the Lecture delivered _ 
at an Ordinary Meeting in order that members as well as Students of The 
Institution could be present. The Lecture perpetuated the memory of 
the late Sir Dugald Clerk, who, although elected President of The Insti: 
tution of Civil Engineers in 1932, was prevented by ill-health from taking 
office. Clerk invented the Clerk cycle two-stroke engine, and achieved a : 
world-wide reputation for his investigations in connexion with the gas— 
engine. He had made many contributions to technical literature, and in 
19041 and in 19202 delivered the James Forrest Lectures before the 
members of The Institution. ig 

The President said that he had much pleasure inintroducing Mr. Willia m 
Barnes, M.I.Mech.E., who was an authority on excavating machinery. 
Mr. Barnes had read a Paper entitled “‘ The Dragline Excavator ” before 
The Institution in February last, which was published in the Journal 3, 
and for which the Council had awarded him a Telford Premium, | 


1 «Tnternal-Combustion Motors,” Minutes of Proceedings Inst. x olviii 
(1903-4, Part iv), p. 276. enki, sk Se 


: ~ Conservation in the United Kingdom,” ibid., vol. cox (1919-90, Part “ 
p. , 


* Journal Inst. C.E., vol. 14 (1939-40), p. 8 (March 1940). 
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“THE DUGALD CLERK LECTURE, 1940. 
“Methods of Excavation Work at Home and Abroad.” 
By Witi1am Barnes, M.I.Mech.E. 
4 INTRODUCTION. 


I am grateful for the opportunity, afforded me by the Council of The 
Institution of Civil Engineers, to address members and students on 
_ excavating machines and their application to many of the world’s largest 
_ projects involving the use of excavating machinery. 


___ Taking the broad view, it is doubtful whether any class of machinery 


is playing a more important part in world progress than are power 
excavators. In their early stages they were used only on public works, 
chiefly in the construction of railways, docks, harbours, and canals; but 
although many are still being used for this class of work, probably more 
are being employed to excavate materials removed from the earth’s crust, 
- including limestones, chalk, and clay for cement ; clay for bricks, tiles, 
_ pottery, etc. ; minerals, including iron, manganese, copper, tin, and gold 
ores; non-metalliferous minerals and rocks of all descriptions ; gravel 
and sand for use in many ways ; and coal from shallow deposits. The 
_ foregoing is in addition to their many uses on construction work, drainage 
and irrigation schemes, etc.; in fact, practically every job in which 
muck shifting”, to use a well known public works term, is involved. 
I do not propose to take up your time by tracing the developments 
from the spade, shovel, and plough to crude manual and horse-operated 
a pieces of excavator mechanisms on to larger and more elaborate pieces of 
_ machinery, powered first by steam-engines and latterly by internal- 
"combustion engines and electric motors. 

1 Tt can be safely said that, although started on the drawing-board, 
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‘excavating machinery is developed and perfected in the field. The late 
Sir Henry Japp, K.B.E., M. Inst. C.E., in his Lecture to Students on the 
19th December, 19341, brought this point out very ably, on page 42. — 
The extraordinary progress made during the past 20 years or so has 
‘been due to the ceaseless collaboration of users and makers. Sometimes 
the user has forced the hands of the maker, and sometimes the maker has 
anticipated the requirements of the user, so that it is doubtful whether 
ny other class of machinery has been developed to such a high degree of 
srfection as the result of field experience. 


avations.”? Institution Lecture to Students, 
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1“ Modern Methods and Plant for Exe: 
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Some of you will be aware of the many different types of excava I 
that are available, but it may be useful to summarize them as follows :— 


The Grab or Clamshell, probably the oldest type of all, is used chie 
for dredging material from below water, and for re-handling materials of © 
all descriptions from stock-piles, etc. It can be used as a land machine 
or mounted on a pontoon. 

The Endless-Bucket Excavator and Dredge is, in principle, almost as old 
as the grab. It is used for both dry-land and under-water excavation 
although it has been replaced to some extent by the dragline. It is still, 
however, supreme as a placer dredge for suitable gold and tin deposits, 
It is also available in small sizes mounted on caterpillar tracks, for 
excavating trenches. 

The Suction or Hydraulic Dredge is essentially an under-water excavate 
for dealing chiefly with sand, silt, etc. 

The Dipper Dredge is also used for under-water work. It is a single- 
bucket excavator and will deal with materials too compact for endless- 
bucket and hydraulic dredges, draglines, and grabs. 

The Power Shovel. Omitting the grab, this is the earliest type of 
single-bucket excavator, and until recently it was the type most generally — 
used. ; 
The whole of the cutting or digging power is concentrated on one 
bucket, firmly held to its work, and for this reason it will dig very heavy 
material without the assistance of explosives, including boulder clay and 
stratified and jointed rocks. Compact rocks and minerals can also be 
excavated if they are first loosened by means of explosives. It is obtain- 
able in many sizes, ranging from } cubic yard to 33 cubic yards capacity, 
with varying boom-lengths to suit the required digging height or dumping — 
radius, Specially compact ‘models are also available for use as “ tunnel 
shovels”, It is the most suitable type of excavator for use in rock | 
quarries and open-cast mineral mines. The larger types, known as | 
quarry shovels, are available with buckets of up to 5 cubic yards capacity, 
having approximately 40 tons digging or cutting effort on the teeth ; this 
affords some indication of their enormous digging power. | 

The Dragline is now one of the most widely-used types of single-bucket_ 
excavators. It has largely replaced the power shovel on many jobs, 
because normally it stands on the surface of the excavation and digs 
below its own level, whilst the long booms which can be fitted result in 
very wide digging and dumping ranges, It is available with buckets 
ranging from } cubic yard to 20 cubic yards capacity, and with booms up 
to 250 feet in length!, 7 
_ Dragline Scrapers or Slack-Line Cableway Excavators and Tower 
Excavators. These utilize a special type of dragline bucket or scraper 


1 William Barnes, “ The Dragline Excavator.”” Journal Inst. C.E.. 4 
(1939-40), p. 8 (March 1940). pice 
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_ Operating on a long cable stretched either between two towers or from 
one tower and a tail anchor. They are used chiefly for sand and gravel 
excavations or for building up levees, such as those on the big Mississippi 
_tiver reclamation schemes, although on these schemes they have been 
_ superseded largely by dragline excavators. 
_ The Drag-shovel is a single-bucket excavator available in sizes of up to 
_ about 1} cubic yard bucket-capacity, and combines certain advantages of 
_ the dragline and the shovel. It digs below its own level and because, like 
_ the shovel, the bucket is held firmly to its work, it will dig heavier material 
_ than will a dragline of equal size. It is largely used for digging trenches 
- for pipe-lines, etc. ; its digging depth is limited to about 18 feet. 
Lhe Skimmer is a small single-bucket excavator with a long, more or 
less horizontal digging action or travel. It was developed chiefly for 
~ shallow cuts on road work, and one of its advantages is that it will leave 
a clean level floor. 
_ Loaders are used chiefly for loading sand, gravel, crushed stone, etc., 
- from stock-piles, and may be fairly included among excavating machines. 
_ At one time they were available only with light buckets mounted on an 
_ endless inclined chain, the material at the foot of the heap being usually 
fed to the buckets by mechanical means, usually rotary feeders. They 
have been replaced to a large extent by small power-shovels, some of 
which are built around the power-unit and mounting of agricultural 
tractors. There are also several types of loaders built very low for use in 
underground mines. 

Tractor Equipment is the latest important addition to the many types 
of excavating machinery: it includes graders, scrapers, bulldozers, and 
_bullgraders or angledozers drawn by tractors fitted with caterpillar or 
_self-laying tracks. 

Graders are the oldest form of this type of equipment. In principle a 
_ grader consists of a long-angled blade supported on a framework mounted 
on wheels and drawn, formerly by horses, but now by tractors. Such 
machines are used chiefly for levelling and grading “ dirt’ roads and for 
making drainage-ditches alongside the roads. Some graders, known as 
elevating graders, feed the excavated material on to an inclined belt, 
which discharges the material into a wagon at the rear of, or alongside, 
the machine. 

_ Recently, because more power has become available, and because they 
‘are more controllable, bulldozers and bullgraders fitted to the front of 
-caterpillar-mounted tractors have practically replaced the older type of 
grader. The bulldozer and bullgrader are similar in principle, the chief 
difference being that the blade of the bullgrader can be set at any desired 
angle to discharge the material to the side of the outfit, whereas the bull- 
dozer is set squarely across the front of the tractor. 

_ Scrapers have largely superseded the elevating grader with its accom- 
ae wagon. They are mounted on two or four large pneumatic-tired 
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wheels and are drawn by powerful caterpillar-mounted tractors. In — 
principle a scraper consists of a bowl or body which digs, loads, carries, — 
and dumps suitable material. They are made in a wide range of standa tb 
sizes, from 2} cubic yards to 30 cubic yards bowl or body capacity, whilst 
recently scrapers of 45 cubic yards capacity have been placed on the — 
market. cy 
It will be realized that a wide choice is available to meet almost any 
working conditions. Sir Henry Japp dealt very ably in greater detail 
with most of the foregoing equipment in his Lecture?. cash 
This brief survey of the many types of excavating machines will make 
it easier to follow the trend of excavator development and progress upon 
many large schemes involving the use of this class of machinery, com- 
mencing with canals, many of which are very much in the news at the 
present time. 


CANALS, 

It is safe to assume that without the use of excavating machinery it 
would have been impossible to construct the many large and artificial 
waterways of modern times. It is an easy matter to estimate, for many — 
straightforward excavating jobs, such as the Suez canal, how many men 
would be required to complete the scheme in so many years, based upon 
theoretical “‘ man-hours ”, but it is a different matter altogether to control, — 
house, feed, and look after the health, sanitary arrangements, etc., for_ 
tens of thousands of men herded together in inaccessible and probably 
unhealthy places. ‘ae 
: t ’ q 

The Suez Canal. 


The forerunner of modern artificial waterways, the Suez canal, forms 
anexample, It is recorded that small canals were cut across the Isthmus 
as far back as 600-500 B.c., but it is also recorded by Herodotus that 
Necho (609-593 B.c.) attempted to connect the Red sea and the Bitter 
lakes, but abandoned the work after 120,000 Egyptians had perished in 
its execution. a 

Even Ferdinand de Lesseps, whose name will always be associated — 
with the Suez canal, failed in his first attempt to carry out the work, 
mainly by means of hand labour, after spending nearly £8,000,000, which 
he estimated would be the total cost of completing the canal. The work 
was commenced in 1859, with the assistance of an army of 30,000 labourers 
provided by the Khedive of Egypt. At the end of 2 years, however, less 
than one-fiftieth of the canal had been cut, which meant that it would 
have taken about 100 years to complete the canal at that rate of progress, 
De Lesseps was, however, successful in raising rather more than another 
£8,000,000 and purchased many endless-bucket excavators, dredgers, and 


1 Loe. cit. i Seaety 
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_ transporters, so that hand labour was reduced as much as possible. Asa 
~ result, the canal was completed and opened to traffic in 1869, 10 years 
after it was started. 
Many of the dredgers were fitted with long inclined-shoots, down which 
the excavated material was washed, by means of streams of water fed 
~ into their upper ends, on to the adjacent land clear of the canal embank- 
ments. This method of working was the forerunner of the present 
% successful method of discharging material from suction or hydraulic 
_ dredgers by means of long pipe-lines, some of which are thousands of feet 
in length. 
ie - De eave original plan was for a canal about 160 feet wide at the 
_ bottom, but the cost proved so high, and the progress so slow, that it was 
Reccided to reduce the width to 76 feet, and to provide stations or sidings 
' to allow ships to pass: 80 million cubic yards of material was excavated 
and the total cost was about £16,500,000 or more than twice the original 
~ estimate. 
ee Latterly the canal has been increased considerably in width and depth, 
_ by means of large floating bucket-dredgers, to enable two ships to pass 
_ safely without resort to stations or sidings. The canal has now, in fact, 
been made to the width originally contemplated by de Lesseps, but later 
“revised by him because of the cost, 


Le he 


The Manchester Ship-Canal. 


e 

4 

ze ‘This was the next big canal of importance to be constructed. Although 

it had been suggested 200 years ago, Mr, Daniel Adamson, in 1882, was the 
first to consider it, seriously, and so rapidly did his idea take shape that 


. 


n 1883-4 Parliament was asked to sanction the scheme, 

There was considerable opposition from Liverpool and from the Rail- 
way Companies, which thought their interests would suffer; but in 1885 
‘Parliamentary sanction and the royal assent were obtained. 

The Manchester Ship-Canal Company was then formed, with a capital 
of £8,000,000—the same amount, by the way, as for the Suez canal. 
The contract was awarded to Messrs. Lucas & Aird for £5,750,000, to 
be completed in 4 years ; they withdrew, however, and Mr, T, A, Walker 
took it over on the same terms. The first turf was cut on the 11th 
November, 1887. 

Two years later, when all the sections were well in hand, Mr. Walker 
died, His executors carried on for 12 months, but were then unable to 
nomplete the contract. The Ship-Canal Company then assigned the work 
© several contractors, including Sir John Jackson and Mr, ©. J. Wills, 
o signed contracts in 1892. The job was finally completed in 1893, 
years after the first sod had been cut—an excellent performance con- 
idering the great difficulties which had been unexpectedly encountered, : 
es Before Mr. Walker’ s executors gave up it was evident that the original 
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estimate would be entirely inadequate, and the eventual cost was more 
than £15,000,000, or nearly twice the original estimate. 

The dimensions of the canal are as follows :—total length, 55} miles; 
average width at water-level, 172 feet ; minimum depth, 28 feet. 

Machinery was very extensively employed, and the number of 
employees on this scheme never exceeded 17,000. The equipment com- 
prised 228 miles of contractors’ railway-tracks, 173 locomotives, 6,300 _ 
wagons, 124 steam-cranes, 192 steam-engines, and 107 excavators, 
including seventy-one Dunbar & Ruston steam-navvies of the old tower 

_ type, nineteen steam-crane navvies built by Whitaker Brothers, of Hors- 
forth, near Leeds, and by John Wilson of Liverpool, four French endless- 
bucket excavators, three German Lubecker endless-bucket excavators, 
and ten dredgers. 

In all, 53} million cubic yards of material was excavated, including 
12 million cubic yards of sandstone and 3 million cubic yards taken out 
by the dredger. The rate of excavation ranged from 700,000 to 1} million 
cubic yards per month. 

It is interesting to know that the Manchester Ship-Canal was really 
the birthplace of the full-circle shovel, then called the steam-crane navvy. 
Even now the steam-crane navvy is often referred to as the “‘ Jubilee 
navvy ” because its introduction coincided with the jubilee year of Queen 
Victoria. When first introduced it was simply an excavating equipment 
attached to a standard steam-crane. 

Most of the material from the excavators was loaded into side- and — 
end-tip wooden wagons, which were specially constructed for use on this — 
contract. The capacity of 4} cubic yards was fixed so that they held 
two bucket-loads of material from the 2}-cubic-yard heaped-capacity _ 
buckets used on the old Ruston steam-navvies. This heavy and cumber- _ 
some type of wagon has been largely superseded in recent years by lighter _ 
and more easily handled steel wagons. . 


The Panama Canal. 


The history of the Panama canal also goes back a very long way. 
Following the landing of Columbus on the isthmus, Alvero de Saavedra, 
a Spaniard, prepared plans, in 1513, for a canal, without result. For 
upwards of 400 years the question was considered by various nations, 
corporations, and individuals, but nothing tangible resulted. 

The first real attempt was made in 1881 by de Lesseps, fresh from his 
Suez triumphs, who persuaded his countrymen to invest their savings in 
a company for cutting a sea-level canal through the isthmus. Work was 
commenced in 1882, in the belief that the canal would be completed in 
8 years. Tremendous difficulties were, however, encountered, due to heavy 
and treacherous material and last, but not least, unhealthy climatic ‘con- 
ditions. Money also became difficult to obtain, and finally the company 
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was put into the hands of a receiver in 1889, 6 years after the work had 
been started. 

The job dragged on and many experts, both Europeans and Americans, 
were called in to advise on the scheme. De Lesseps contemplated a sea- 
level canal ; but when the immensity of the undertaking was discovered, 
a lock-canal was suggested, and many arguments were advanced by the 
experts in favour of one type or the other. 

About this time the United States realized the national necessity of a 
canal through the isthmus, and an alternative route was surveyed for a 
rival canal through Nicaragua. In the meantime the Panama Canal 


- Company struggled on until no more money was available, when the 


_ Panama stock-holders, alarmed by the fact that the United States Govern- 


_ ment contemplated a rival canal through Nicaragua, ‘decided to try to 


sell out to the United States. The Panama Company asked for £22,500,000, 
but the United States valued it at only £8,250,000. The Panama 
Company stood out for their figure, and the United States commission 


therefore reported in favour of cutting a canal through Nicaragua. This 


_ forced the Company to a decision, and they surrendered to the United 
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States on the latter’s terms of £8,250,000. 
The United States took possession in 1904, after de Lesseps had 


_ worked on the problem for 12 years. Again the vexed question of a sea- 


level canal versus a lock canal was brought up, and many arguments 
were advanced by the advocates of one and the other. An inter- 
national Board of Engineers was appointed to consider the matter, and in 
1906 the Board submitted its report. Eight of the members favoured a 
sea-level canal and five the lock type. This did not settle the matter, 
however, because when the report was submitted to the Isthmian Canal 
Commission the majority of the Commission favoured the lock type, and 
this was eventually decided upon in June 1906, 2 years after the Americans 
had taken possession. Even after the canal was started further agitations 
arose because of the huge slips of material, which caused the engineers 
who were in favour of a sea-level canal to assert that these were only the 
forerunner of trouble if the suggested scheme of locks was carried out. 
The lock scheme was, however, continued, and it was decided that the 
locks should have a length of 1,000 feet and a width of 110 feet. 

- Referring now to the excavation work, the French, during the time 
they were on the job, excavated 78 million cubic yards, including 18} 
million cubic yards from the Culebra cut, 8} miles long, which at one 
point was 193 feet above sea-level and was undoubtedly the largest and 


most difficult part of the scheme. 


~ When the United States authorities took over, they continued to use 
the old French plant, but took immediate steps to order more up-to-date 


and more suitable machines and to organize everything on a much larger 
and better scale than the French had done. They found a small force of 
West Indian labourers, with a few French officials and engineers in charge 
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—fewer than 1,000 men in all; this force was increased gradually to 
3,500 in the first year, and to a maximum of approximately 40,000 in 
1913. 

During the first year or two labour was brought from the United 
States, but whilst the pay was attractive, living conditions were so 
atrocious that a large proportion of those who came returned immediately. 
It was then realized that in order to secure sufficient men it was necessary. 
to offer not only still higher wages, but also better living conditions, pi. 
this problem was thoroughly tackled. Malaria, or “ yellow jack”, 
one of the scourges, but this was eliminated by a concentrated attack: ‘oa 
the mosquitoes and their breeding-grounds within the canal zone ;_ with- 
out doubt, this was one of the factors which enabled the sahenia to be 
brought to a successful conclusion. 

All of the officials, superintendents, foremen, and sleteal staff (the 
“gold force”) were Americans; during the construction period they ~ 
numbered rather more than five thousand. Most of the unskilled labour 
was recruited from the West Indies and other islands; this and the 
remaining labour was known as the “ silver force ” 

The excavators used by the French consisted entirely of éndlec-busieal 
excavators, but large cableways extending right across the Culebra cut 
were also employed, the buckets of which were filled by hand-labour nest 
then drawn to the side of the cut and dumped into cars, 

The Americans soon found that the excavating machinery used was 
inadequate and unsuitable for the job, and steps were taken to replace 
the endless-bucket excavators by the heaviest and latest railroad-type 
steam-shovels, so called because they were mounted on regulation: bogies 
to run on 4-foot 84-inch gauge, with outriggers at the front to give the 
necessary stability when digging across the corners and at the sides ;..one 
hundred and two steam excavators were employed, five fewer than on the © 
Manchester ship-canal, although those on the latter canal were smaller, 
Seventy-seven were made by the Bucyrus Company, twenty-four by the 
Marien Company, and one, a full-circle steam-shovel, by the Thew 
Company. 

Most of the excavation in the Culebra cut was rock, which necenaitatetl 
extensive drilling and the use of explosives. The Americans discarded all 
the French steam-drills and substituted up-to-date tripod air-drills and 
churn- or well-drills, More than two hundred churn-drills were used at 
various points along the canal, chiefly in the Culebra cut. All were 
equipped with steam-engines and boilers for drilling holes 5 inches in 
diameter and 100 feet deep. Many of the drills in the Culebra cut were, 
however, operated by compressed air, the boilers being used as air-receivers, 
and the engines being run by means of compressed air. The largest steam- 
shovel had a 5-cubic-yard bucket for digging ordinary material, es a 
4-cubic-yard bucket for use in rock. 


Some of the big shovels, driven by skilled American operators, pro: 
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duced very large outputs, and every encouragement and incentive was 
given to them to do so. Carefully-compiled records were made of the 
outputs from the various machines, and it was the privilege of the record- 
holder each week to fly a broom from the top of the A-frame. The highest 
daily output for 8 working hours was achieved by a 5-cubic-yard shovel 
which excavated 4,465 cubic yards, an average of 558 cubic yards per 
hour. The highest monthly output represented an average of 330 cubic 
yards per hour. In order to secure such results, the shovels were worked 
to the limit of their capacity, and much useful information was derived 
from the field experience thus obtained. 

The steam-shovels loaded the excavated material on to or into steel 
cars of 12 and 18 cubic yards capacity, specially designed and constructed 
for work on the canal. More than nine hundred of them, supplied by the 
Western Car Company, were “ two-way air-dump ”’ cars, which could be 
dumped on either side by means of compressed-air cylinders situated 
under the cars and operated by compressed air from a locomotive. Large 
flat cars without sides were also used, and these were discharged by means 
of an unloading-plough, which was hauled along the cars by means of a 
cable, operated from a steam-winch mounted on a special car at the front 
of the train, behind the locomotive which supplied the necessary steam. 

After the cars had been loaded, they were taken to a large marshalling- 
yard, where they were made up into trains and hauled to one or other of 
fifteen large dumping-grounds, which had a capacity of 50 million cubic 
yards. A total of more than 109 million cubic yards of material was 
dumped as spoil. Mechanical spreaders were used, by means of which 
the material was pushed over the dump, clear of the tracks, before the 
arrival of the next train. As the dump progressed, mechanical track- 
shifters were employed to move the tracks nearer to its edge. 

In the Culebra cut, nearly 100 million cubic yards of material were 


_ excavated by the Americans ; about 25 per cent. of this was due to slides. 


The cut was 300 feet wide at the bottom and about 2, 000: Jeet across the 
“yh at its widest point. 

' The sides of the canal were by no means uniform, as they were sloped 
lo suit not only the depth of the cutting but also the nature of the material. 


Portions of the slopes were made almost horizontal in an endeavour to 


avoid the continual slips or slides, which caused great trouble, not only 


_ during the progress of the excavation, but also later, when the canal was 


thought to have been finished, , 
. The first ocean steamer passed through the canal on the 3rd CR 

1914, just 10 years after the Americans took it over. Owing, however, 

to the slides and to the clearing up of various other odd jobs, it was not 


a opened to traffic until about the middle of 1915, 


During the cutting of the canal, and when it was realized vel! a 


Z menace the slides would be, two huge dipper-dredges were ordered to 
. pope with the situation which might arise when the water was let in. 
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They were built by the Bucyrus Company, and are the largest steam 
dipper-dredges ever constructed.1 The dippers have a capacity of 
15 cubic yards, and the machines will dig 50 feet below the surface of the — 
water. The dippers alone weighed 22 tons, the dipper-arms 36 tons, and 
the booms with fittings more than 50 tons. They were exceedingly 
powerful, and dealt regularly with rocks weighing from 10 to 20 tons each. 
One rock, in fact, weighed more than 50 tons, but the power of the dredge 
was so great that the operator did not know that he had “ hooked ” it 
until it appeared above the surface of the water. In spite of the huge 
size of the dipper with its load, it was possible for these machines to make 
a complete cycle of operations in 45 seconds. The dipper dredges were 
so successful that a third was ordered to deal with the slides, which, on 
several occasions in 1915, completely blocked the canal. 

Some of these slides came up from the bottom of the canal, and on 
one occasion a dredge found only 20 feet of water where 45 feet had 
existed 5 minutes earlier. Fortunately the spuds had been lifted, and the 
dredger was able to move hurriedly away—just in time, for in less than 
an hour after the upheaval had been noticed an island appeared. If that 
had not been seen in time, the dredge would have been stranded and 
probably wrecked. 

Very large outputs were obtained from these machines. The highest 
recorded in 1915 was 17,185 cubic yards in 24 hours, that is, an average of 
716 cubic yards per hour. This was later beaten by the third dredge, 
which excavated 23,305 cubic yards in 25 hours—an average of 971 cubic — 
yards per hour, including all stoppages, or of 1,002 cubic yards per hour 
of actual working time. 

Even when the canal was opened to regular traffic, slides and upheavals 
occurred frequently, and the dredges were rushed from one place to another 
in order to clear the slides and maintain the canal open to traffic. 

The total cost of the canal up till the time it was opened to traffic was 
approximately £78,000,000. 

The total quantity of excavation up to the 3lst March, 1915, was 
approximately 232} million cubic yards, including 78 million excavated 
by the French and 25 million due to slides. 


The Albert Canal, Belgium. 


The Albert Canal is the largest and most important ship-canal con- 
structed during recent years. It connects the port of Antwerp with the 
large industrial city of Lidge, and was intended also to assist in the develop- 
ment of the new coal-fields in the Campine basin, north of Litge, and to 
compete with the modern Dutch canals for the traffic from Ligge, about 
60 per cent. of which went to Rotterdam instead of to Antwerp. It was 


? Since then the Bucyrus-Erie Com has constructed a slightly larger diesel- 
electric dredge of 1,440 horsepower with a 15-cubic-yard dipper with a bale pull of 
155 tons to excavate to a depth of 52 feet, for use on the Hudson river. ; 


we 
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- further intended as a link in the Belgian national defence scheme, but in 


this respect it did not prove very effective. 

A canal system from Antwerp to Liége had been in existence for many 

years. This was 96-3 miles long and included twenty-three locks: it 
could accommodate only comparatively small boats of about 450 tons 
displacement, and from 12 to 20 days were required to complete the 
journey. The new canal is 20 miles shorter, and only six locks have to 
be negotiated to adjust the difference in water-levels of approximately 
180 feet. Each set of locks consists of two large locks to take one boat 
‘of 2,000 tons, or four boats of 600 tons, and one small lock for the quick 
and economical handling of boats of up to 600 tons. The journey through 
the new canal can be completed in 4 days. 
The canal has a bottom width of 85 feet 3 inches, a depth of 16 feet 
at the centre and 11 feet at the sides: approximately 100 million cubic 
yards of material were excavated, and the cost of the canal amounted to 
about £100,000,000. Its construction gave direct employment to about 
ten thousand men, in addition to thousands more employed in cement 
works, quarries, industrial works, etc. 

Parts of the canal pass over low-lying ground, upon which it was 
necessary to build impervious embankments involving more than 35 
million cubic yards of filling. In other places the canal passed through 
three high hills, which necessitated cuttings ranging up to 200 feet in 
depth and up to 610 feet in width across the top. These heavy cuttings 
required the excavation of 32 million cubic yards of material, 50 per cent. 
of which consisted of tufa, a sedimentary rock. 

The route was surveyed and reported upon in 1927-1929 ; work was 
started upon it in 1930, and was completed in 1939. The work was carried 
out by several large Belgian public works contractors on behalf of the 
Belgian Government. Some of them utilized existing excavators and 
plant, but a considerable amount of new machinery was purchased. 

Draglines and grabbing-cranes were used to take out the material for 
the locks. Upon one section, where a certain amount of under-water 
work had to be executed, a suction dredge of 300 horsepower and an end- 
less-bucket dredge of 150 horsepower with buckets of 7 cubic feet capacity 
were used, together with a number of grabbing cranes. 

Most of the material in the wide sections of medium depth was 
excavated by means of the following machines :— 

* 1, A Bucyrus Monighan walking dragline with a 6-cubic-yard bucket 


_ «and a 135-foot boom, powered by a diesel engine of 280 horsepower, and 


_ ‘weighing approximately 300 tons. It was in use for 4 to 5 years, working 


24 hours per day (three shifts of 8 hours each) during most of the time, 


3 


and excavated about 5} million cubic yards of material. Its normal out- 
“put was 200-300 cubic yards per hour. Over one period of 17 months it 
excavated nearly 12 million cubic yards in 9,740 hours, with an actual 


digging-time of 7,940 hours. 


Se 


170 BARNES ON METHODS OF EXCAVATION WORK AT 


2. A Marion diesel-electric dragline, weighing 164 tons, with cater- 
pillar mounting and a bucket of 3 cubic yards capacity on a boom 110 feet 
long. This machine had a normal output-capacity of about 150 cubic — 
yards per hour. r 

3. A large steam endless-bucket excavator weighing about 200 tons 
and fitted with twenty-eight buckets, each of 12 cubic feet capacity. The 
output-capacity of this machine was about 250 cubic yards per hour. 


One deep cut in quicksand, etc., was, after careful drainage, success- 
fully dealt with by elevating graders and tractors and caterpillar-track 
dump-wagons. 

Bulldozers gave valuable service on the fills, which had to be com- 
pacted by repeated rolling with rollers and caterpillar-mounted tractors. 

In addition a large fleet of about twenty-five steam, petrol, and diesel- 
engine driven excavators were used, including draglines, shovels, and 
grabbing-cranes, of from $ to 1} cubic yard bucket-capacity, Three small 
endless-bucket machines were also used. 

More than a hundred locomotives were employed, about half of which 
were of 1-metre gauge or less. More than a thousand tipping wagons were 
used, mostly of 5-6 cubic yards capacity. A number of 13-cubic-yard 
dump-cars, arranged for dumping on either side by means of compressed- 
air-cylinders, were also employed. 

The plant used on the job would doubtless have been more standardized 
but for the fact that the work was let in several sections to different 
contractors, who utilized much of their existing equipment. Nevertheless 
it was an interesting job, because much modern machinery was used, 
including the tractor equipment, the walking dragline, the diesel-electric 
dragline, and a number of smaller diesel-engined draglines and grabbing- 
cranes. 


Sukkur Barrage and Irrigation Scheme, 


T now turn to another big canal scheme ; not a ship-canal, but for the 
purpose of irrigating 64 million acres of land in the Sind desert, in North- 
West India. This is officially known as the Lloyd barrage and canals 
construction scheme, and is the largest irrigation scheme in the world, 
involving the excavation of more than 210 million cubic yards of material. 

The purpose of the scheme is to obtain a perennial supply of water 
from the river Indus, one of the largest rivers in the world, which has its 
course in the Himalayas 20,000 feet above sea-level in the remote Tibetan 
plateau. The scheme is centred at Sukkur, about 1,000 miles from the 
Himalayas, 400 miles from the mouth of the river Indus, and about 
400 miles north of Karachi, “= 

For 3 months of the year ample supplies of water come down the five 
tributaries of the Indus, the Jhelum, Chenab, Ravi, Beas, and Sutlej 
rivers, from which five rivers the Punjab takes its name ; but for 9 months | 
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there is a scarcity of water. A dam, nearly 1 mile long, with forty-six 
sluices, each of 60 feet span, was therefore built across the river at Sukkur, 
to retain huge supplies of water for distribution by means of extensive 
canal systems at any period of the year. 

~The sizes and lengths of the canals are astonishing. There are seven 
main canals, four on the left bank of the river and three on the right, all 
situated near Sukkur. These have a total length of about 1,000 miles and 
range from 79 feet to 346 feet in width and from 4 feet to 20 feet in depth. 
One, the Eastern Nara, is 525 miles long and 346 feet wide at the head. 
Tn low places “ borrow-pits ’’ had to be excavated to build up the canal 
banks in order to obtain a sufficient depth of water. 

In addition to the main canals there are more than 700 miles of branch 
canals and 4,600 miles of distributory canals, whilst 50,000 miles of final 
feeders have been excavated by the farmers who rent the land. The 
material consisted mainly of sand and sunbaked clay. . 

The whole of the canal excavations was carried out by means of forty- 
_ six dragline excavators of various types and sizes, as follows :— 


| OT See 
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nine large steam draglines with booms ranging from 100 feet to 
145 feet in length, carrying buckets ranging from 6 to 10 cubic 
yards capacity, depending upon the boom-length ; 
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y two diesel-electric draglines with booms 125 feet long and 3-cubic- 
2 yard buckets ; 

= two steam draglines with booms 80 feet long and 4-cubic-yard 
s buckets ; 

. three steam draglines with booms 80 feet long and 3-cubic-yard 
3 buckets. 

_ All of these machines were used chiefly on the construction of the 
: main canals. 

4 For the distributory canals the following draglines were used, all of 
4 them “ straight diesel” that is, powered by diesel engines and operated 
by clutches :— 

nine with booms 45 feet long and buckets of 14 cubic yard capacity ; 
: _ sixteen with booms 40 feet long and 1-cubic-yard buckets ; 

= two with booms 365 feet long and 1-cubic-yard buckets ; 

: __ three with booms 35 feet long and j-cubic-yard buckets. 

In addition to the draglines, two large suction-dredges were employed 


on the excavation required for the construction of the main dam or barrage 
at Sukkur. 
4 Most of the machines were operated by natives and Anglo-Indians, 
_ with a European in charge of each group of machines. 

_. Owing to the desert conditions, working and living conditions were 
very unpleasant, the sand and sandstorms in particular causing consider- 
able trouble to both men and machines, whilst the supply of suitable 
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water for the boilers and the servicing of the machines far away from 
workshops and sources of supply added to the difficulties. 

There were practically no roads in the desert, and tammy ale 
from remote railways had to be laid to supply the excavators with the 
necessary supplies of coal, oil, and stores; whilst some of the smaller 
machines were so far out in the desert that all supplies, including fuel-oil, 
drinking water, food, etc., had to be transported by motor-lorries, bullock 
carts, or camels, The more isolated units had to rely entirely upon camel 
transport, and the operators had to live in tents adjacent to the machines, 

All of the machines worked three shifts per day, summer and winter. 
During the summer, and especially in May and June, the temperature at 
noon was seldom lower than 115° F. in the shade, and was sometimes as 
high as 125° F., accompanied by sandstorms. 

The scheme was commenced in 1923, and the first excavators were 
installed in 1925. The whole scheme was completed and opened in 1932 
by the Viceroy of India, so that it was finished in about 8 years, a resul 
to be proud of for a job of this description. The excavation costs, per 
cubic yard, including labour, fuel, spares, and repairs, but not includi 
capital charges, ranged from about 34d. for the big steam machines to 
1-4d. for the small diesel draglines. 

The total cost of the project was about £15,000,000, or approximately 
equal to that of the Suez canal and of the Manchester ship-canal, although 
four times as much excavation was involved as on the Manchester ship- 
canal, nearly three times as much as on the Suez canal, and nearly 
much as the total excavation on the Panama canal. 

The cost of the dragline excavators amounted to about £800,000, and 
the total cost of the machinery on the whole scheme, including the tw 
large suction-dredges, was about £3,400,000. 

Further information in regard to working costs, etc., on this and on 
other irrigation schemes is given on pages 19-21 of my Paper on “ i 
Dragline Excavator ’*, 


Mulwala Canal, Australia. 


It will be interesting to turn now to a recent irrigation scheme, namely. 
the Mulwala canal in New South Wales, Australia, for irrigating abou 
650,000 acres of land. Its construction was commenced in 1935, and work 
is still in progress. The portion now under construction is 75 miles long, _ 
with a maximum bed-width of 115 feet, a depth of 9 feet, and side slopes — 
of 26 degrees, or 1 in 2. It involves the excavation of 10 million cubic 
yards of material and the estimated cost is £1,200,000. 


The excavating machinery consists of :— Y 
Four 4-cubic-yard onary eee diesel-engined draglines with 8 ns 


1 Loc. cit. 
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73 feet 6 inches long, extensible to 89 feet 6 inches, with 3-cubic- 
yard buckets. 

One Ruston-Bucyrus diesel-engined dragline with a 1}-cubic-yard 
bucket. 

: One Harman (Australian) diesel-engined dragline with a 1-cubic-yard 

74 bucket. 

Two 95-horsepower caterpillar tractors. 

Hight 44-horsepower caterpillar tractors. 

One “ripper” for loosening heavy material to enable graders, bull- 
dozers, angledozers, and scrapers to deal with it. 

Two tamping rollers for consolidating the banks. 

Special drag scrapers for trimming the 1-in-2 slopes. 


_ The material includes soft rock, loose limestone, compact clays, and sand. 
_ The large draglines are operated in pairs, one on each bank, each pair 
_ being worked about 1,000 feet apart. The slopes are roughly excavated 
_ by means of the draglines, and are trimmed finally by means of the drag 
_ scrapers, which are operated by 44-horsepower tractors travelling on the 
_ top of the banks. The main cuttings are excavated by the four large 
_ draglines, whilst the two smaller draglines, and the tractor equipment, 

are used for the final levelling, cleaning up, etc., and for excavating “ key 
channels ” under the banks. 

All major repairs are carried out in a large more or less centrally 
situated workshop, whilst minor and working repairs are executed in a 
_ mobile workshop which is moved along with the draglines. 
by Up to May 1940, the quantity of material excavated amounted to 
_ just over 7 million cubic yards, at a total “all in” cost of 8-309d. per 
_ cubic yard, including capital charges, depreciation, supervision, etc. The 
working costs include wages, 1-602d. per cubic yard ; and repairs, renewals, 
and sundries, 2-366d. per cubic yard. 

In order to reduce the capital charges, and to enable the scheme to be 
completed within the allotted time, the plant is being operated three 
_ shifts daily. 

___ Depreciation was originally fixed at 2-6d. per cubic yard, but in view 
_ of the efficient condition of the plant, it is considered that this allowance 
_ is excessive, as the machinery will still be in saleable condition when the 
_ scheme is completed. 
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Summary. 

From the particulars of the machinery used on the foregoing canal 

schemes, it is interesting to summarize the progress made in the use of 
excavating machinery for canal construction. 
The Suez canal was excavated mainly by means of endless-bucket 
excavators, the only type of excavator available at that time. If the 
work were to be carried out at present there is little doubt that diesel- 
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engined draglines of the walking type and tractor equipment would 
used almost exclusively for the dry excavation, and suction dredgers f 
the wet. 7 

Upon the Manchester ship-canal a few endless-bucket excavators were 
employed, but most of the excavation was done with the old steam-navvy, 
with a smaller quantity by early-type steam-crane navvies. At present 
it would probably be carried out by diesel-engined full-circle shovels, 
chiefly for the sandstone rock, supplemented by draglines and a 
equipment where the conditions were suitable. : 

Upon the Panama canal heavy full-circle quarry-type shovels, elec 
trically operated, would most likely be substituted for the railroad-type 
steam-shovels for most of the excavation, especially in the Culebra cut, 
supplemented by diesel-engined draglines, medium-sized diesel-engined 
shovels, and tractor equipment. 

Upon the Sukkur scheme no useful substitute could be made for the 
draglines, which were so successfully employed, but diesel and electric or 
diesel-electric power would certainly replace steam-power upon the ge 
draglines, as the boilers were a considerable source of trouble and much 
time was lost, owing to the difficulty of obtaining suitable feed-water, and 
of keeping them supplied with the large quantities of coal they aoe 
Tractor equipment would also be employed. 

The smaller diesel-engined draglines used on the distributory 
could not be improved upon, as they were ideal in almost every respect. 


Tron OrE Mines. 


Kiruna Iron Ore Mines (Fig. 1). 


The largest and best-known iron ore deposits in Europe are situated — 
in the north of Sweden, about 100 miles north of the Arctic Circle in — 
Swedish Lapland. They are owned by a Swedish Company, the Lwossa- 
vaara, Kiirunavaara Aktiebolag. Located around the large mining town 
of Kiruna, they are 190 miles from Luled, on the gulf of Bothnia, and 
106 miles from Narvik, on the north-west coast of Norway. The chief 
deposits are in two high hills, at Kiirunavaara, south of Kiruna, and 
Luossavaara, north of Kiruna. The former is by far the larger and more 
important deposit, being about 3 miles long, from 130 to 650 feet wide or 
thick, and of a known depth of more than 2,600 feet, and containing, it is 
believed, ore reserves of approximately 1,000 million tons, representing 
a life of more than 100 years, based upon the present output. 

The ore is of unusually high quality, having an iron-content of between 
58 and 70 per cent., and a low sulphur-content. Part of the ore, known 
as Grade A, is very low in phosphorus and is suitable for the manufacture 
of Swedish charcoal iron; but most of the ore has a high phosphorus- 
content and is exported to Europe. The ore-body at Kiruna is in the 


Fig. 1. 


Fig. 2. 


5-CUBIC-YARD ELECTRIC SHOVEL AT KIRUNA, 


oe. 


en — a 


“HAONVU NOU! IAVSAW LY THAOHS OIULOATA GUVA-OIANO-+ 


: ES eee eis oe 
ae. « 4 Z pe... an Nig® 
y. as fide cb. AM 
% ~~ iv ae ie <i 


hea 


*e “big 


sstiteanimadiegiinaiain eal a io 


Tae 


HOME AND ABROAD. 175 


form of a lenticular lode lying at an angle of 54 degrees to the horizontal ; 
_ it is surrounded by very hard and heavy porphyry rocks (Fig. 2, facing 
_ p.174). From 85 to 90 per cent. of the ore is recovered by open-cast mining, 

and the remainder—chiefly Grade A ore—from underground mines. 

The open-cast workings consist of three levels or benches, each about 

50 feet high. 

To obtain access to the ore, the hanging wall of heavy porphyry rock 
_ must first be removed. It is excavated by large electric shovels, loaded 
into 25-ton side-dump cars, and dumped on the side of the hill. .To enable 
the electric shovels to deal with it, it must be well blasted and broken up, 
_ and for this purpose vertical holes approximately 21-25 feet deep are 
drilled from the surface in conjunction with horizontal holes at floor-level. 
_ About 44-54 tons of rock is displaced per pound of explosives, and 12 tons 
- of rock per foot of drilling. The ore is drilled and blasted in a manner 
_ similar to that adopted for the rock cover, and is loaded by electric shovels 
_ into 35-ton cars. As many as three hundred holes, containing 15 tons of 
- explosives, are fired simultaneously. 
2 The average time taken to load a train of five 35-ton cars (175 tons) 
~ is about 12 minutes with full-circle shovels of 4 cubic yards capacity, and 
- about 9 minutes with the latest shovels of 5 cubic yards capacity. The 
_ 4-cubic-yard shovels load from 1,500 to 2,000 tons per shift of 74 hours, 
~ and the 5-cubic-yard shovels 2,500-3,000 tons. The ore from the 35-ton 
- wagons is dumped into 84-inch by 60-inch jaw-crushers, which reduce it 
to about 10-inch size. The crushers will take pieces of ore up to about 
12 tons in weight. 

The Luossavaara deposit is much smaller than that of Kiirunavaara, 
and the reserves are estimated at only about 8 million tons down to the 
level of the near-by lake, The methods of benching, drilling, and blasting 
are similar to those employed at Kiirunavaara, but most of the ore is 
:  oaded by hand or by means of scrapers in order to sort and grade it and 
~ obtain as much as possible of the “ Grade A” ore. 
= All of the electric power in the district, including that required for the 
mines and railways, is taken from a large State-owned 100,000-horsepower 
tah station at Porjus falls on the Lule river, whence the current is 
: _ transmitted by overhead lines at 80,000 volts and is transformed down to 
_ 2,200 volts. 

When excavators were first used at Kiruna full-circle electric quarry- 
- shovels of German make were employed. These were followed by eight 
en railroad-type shovels. The full-circle shovels were, however, 
zf 7 found to be much more suitable for the working conditions on Kiiruna- 

_ vaara than was the limited-swing railroad type, and two large full-circle 
¢ B shovels of this type, specially made to the designs and specifications of 
_ the engineers at Kiruna and mounted on huge cast-steel traction wheels, 

were procured from the Swedish firm of Morgaérdshammar. They were, 
1 powever, very heavy and cumbersome in use, and. were followed by a 
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number of Bucyrus-Erie 4-cubic-yard, 120B, full-circle shovels mounted 
on caterpillar tracks. . 
The latest and most suitable type of shovel now in use is the 170B, 
5-cubic-yard Bucyrus-Erie. It is similar in design to the 120B, but is 
equipped with a larger bucket and is heavier and much more powerful. 
Seven of these shovels are in use, and the addition of others is contem- — 
plated, as and when conditions permit. The old railroad-type shovels 
have been relegated to work in the stock-piles at Luleé and Narvik, but 
they are being replaced gradually by the full-circle type of excavator, 
three of which are already in use. 9 
The excavators at Kiirunavaara use electric power (25 cycles, three- 
phase, 2,100 volts). : 
About sixteen full-circle shovels are used on the Kiirunavaara deposit 
for removing the overburden and digging the ore. Each machine averages 
about 570 shifts of 7 hours each per year, working two shifts per day. 
Experience has shown that this is more efficient than three-shift operation. 
The crushed ore is taken by electric railway to Luleé and Narvik, 
where some of it is dumped direct into ore-boats, but most is placed in 
huge dumps. There are two stockyards at Narvik, each with a capacity 
of 24 million tons. The ore is stacked in different grades and is loaded, 
mostly by railroad-type shovels, into 35-ton cars, which are hauled to 
the quay and discharged into steamers by means of car-dumpers built for 
the purpose. 
More than half of the ore is crushed down to about 4-inch size, before 
shipment, by means of four jaw and gyratory crushers and is then loade 
into cars of 50 tons capacity and transferred to the quay. During the 
winter season the ore usually arrives in a frozen condition and is thawed 
out by means of steam-nozzles connected with pipes laid along the tracks. 
The loading-quays are more than 1,000 feet in length, and three ore 
steamers of up to 1,200 tons displacement can be loaded simultaneously, 
whilst loading is so rapid that a 10,000-ton steamer can be loaded in 5 
hours, and from 500,000 to 800,000 tons of ore can be loaded monthly. — 
About 1,000 men are, or were, employed at Narvik. Before the war, 
most of the ore was shipped from there because it is free from ice all th 
year round, whereas Lule& is ice-bound for about 5 months. The ship- 
ment of ore from Kiruna was 7,848,235 tons in 1937. In 1938 the ship- 
ment of ore from Narvik to Great Britain was 571,220 tons. In 1937 the 
shipment of Swedish ore to Germany totalled 9,459,378 tons, most of 
which was obtained from Kiruna. 


Broken Hill Iron-Ore Mines, Australia. 


The Australian iron-ore mines, owned by the Broken Hill Proprie 
Company, Ltd., form another interesting example of open-cast iron-ore 
mines, which have been highly and efficiently mechanized. | 

There are four deposits, situated approximately 42 miles south-v 
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_ of Port Augusta, South Australia. The ore, which outcrops in three hills 
_ tising 400-700 feet above the surrounding plains, appears in huge masses 
with little or no vegetation or overburden to obscure it. The deposits 
are worked in two sections, namely, Iron Knob, which includes Iron 
_ Monarch, and Iron Baron, which includes Iron Prince. The quantities of 
__ ore available have not been accurately determined, but surveys indicate 
that at least 130 million tons is available at Iron Knob and 100 million 
_ tons at Iron Baron. Most of the ore consists of clean high-grade hematite 
containing 56-69 per cent. iron, with manganese ranging from a trace up 
to 20 per cent., chiefly in the Iron Monarch deposit. In the other three 
deposits the content of manganese is practically negligible. 
‘ The leases were acquired by the Broken Hill Company in 1899, but 
_ they were not actually worked until 1915. Hand-working methods were 
- employed until 1919, when two 14-cubic-yard Bucyrus steam-shovels were 
_ purchased. In 1928 the requirements of the Broken Hill Company 
increased so rapidly that it was decided to purchase larger and more 
_ efficient shovels, with suitable crushers, all electrically driven. At present, 
- most of the output is being obtained from Iron Monarch, and the brief 
_ description of the methods of working refers mainly to this deposit. The 
_ ore is being won by taking two deep slices or benches from the top of the 
deposit: these are about 100 feet high, but before the top bench is 
_ exhausted a maximum height of about 160 feet will have been attained 
- at the crown or highest point of the deposit. A third bench is being 
developed and equipped. 

Three 120B Bucyrus-Erie 4-cubic-yard full-circle electric quarry- 
shovels are used to load the iron ore after it has been thoroughly blasted 
_ and broken down out of the face. Each of these shovels has an average 
digging capacity of about 400 tons per hour. The ore is loaded into 
30-ton side-dump cars which are hauled, in trains of six, to the primary 
crushing-plant by 224-ton, 100-horsepower electric locomotives, operated 
by direct current at 600 volts. It is then tipped from the cars into the 
hopper of a crusher by means of a 20-ton hoist attached to a 50-ton crane 
spanning the crushing-plant. 

Primary crushing is effected by two 84-inch by 60-inch jaw-type 
crushers, one on each bench, driven by 300-horsepower electric motors. 
Each has a capacity of approximately 1,000 tons per hour when crushing 
down to 10-inch size ; their hoppers are designed to take any size of ore 
which will pass through the buckets of the shovels, and pieces weighing 
up to 8 tons can be readily crushed. 

After passing through the primary crushers the ore falls into a surge- 
e bin with a capacity of 400 tons, which serves two 36-inch by 24-inch jaw- 
4 type crushers, each independently driven from 100-horsepower motors. 
- 
4 
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After leaving this bin the ore passes over grizzly-bars which allow the 
pieces below 4-inch size to pass direct into the crushed-ore shaft ; the 
i larger pieces are fed into the crushers, which have an hourly crushing 
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capacity of 1,000 tons from a maximum of 10 inches to a maximum 
4 inches. ' 
Mesabi Iron Range, U.S.A. 

The United States obtains 85 per cent. of its iron-ore output foil : 
about 100 open-cast iron mines situated in the Lake Superior area in 
North-West America. The Hibbing mine in this region is the largest 
open-cast iron-ore mine in the world, being more than 3 miles long, 1 mile 
wide, and 350 feet deep. Since it was opened up in 1895 about 215 
million tons of ore and 110 million cubic yards of cover have been removed 
from it, or more material than was excavated for the Panama canal. ‘ 

Until about 1924 the standard railroad type of steam-shovel was 
usually employed, both for removing the cover and for digging the ore, 
supplemented by long-boom steam-shovels for stripping. During the 
busiest part of the ore season some of the long-boom strippers were also 
used to dig the ore. = 

In 1924-5 the full-circle electric quarry-shovel was introduced on the 
Tron Range (Fig. 3, facing p. 175). The first machines were purchased 
for use as ore-loading shovels, but their ability to move about the pit on 
their caterpillar tracks, and their full-circle swing, led to their use as strip- 
ping-shovels as well as for loading ore, especially as by that time the 
stripping was becoming less deep. 

The assertion has been made, with some justification, that the electri 
quarry-shovel, as we now know it, was developed on the Iron Range to 
its present high degree of strength and efficiency as the result of close 
collaboration between users and manufacturers. It is certainly true that 
since the introduction of this type of shovel to the Mesabi range 15 years 
or so ago, its supremacy has remained practically unchallenged. The — 
sizes generally in use are of 3, 4, and 5 cubic yards capacity. Recently, 
however, smaller shovels—even down to % cubic yard capacity—have 
been added for general-purpose work, including the cleaning up of small 
deposits of ore left by the large shovels, the removal of slides, and the 
construction of new tracks, roads, etc. 

The most outstanding development during the last few years has been 
the adoption of heavy motor-truck haulage for the transportation of both 
stripping and ore. At one time there were about 70 miles of railway 
tracks in the Hibbing mine, so that the expense of track-moving and 
maintenance must have been very heavy. 

Truck-haulage has been gradually coming into use on the Mesabi iron — 
range for several years, and it appears quite likely that as new mines are 
opened up and developed, the tendency will be to use motor-trucks in 
place of locomotives and rail-cars. The success of the trucks is due to 
their flexibility and to their recently-demonstrated ability to stand up to 
heavy service. Some mines on the iron range have already converted 
their track-haulage into truck-haulage. A 


RRS 


HOME AND ABROAD. 179 


‘The heavy-duty unit in use to-day ranges from 15 to 20 tons in capacity, 

and is equipped with diesel engines of 125-150 horsepower. The speed 

_ of the trucks ranges from 2 miles per hour in low gear to 35 miles per hour 

_ in high gear. The transmission affords twelve speeds forward and three 

speeds in reverse, In order to reduce maintenance on the trucks generally, 

_ and on the tires in particular, good roads are essential ; but these can be 

_ easily built and maintained by tractors and bulldozers which, with scrapers, 

_ are gradually coming into use for many purposes on the iron range, 

_ including the opening of new pits, the cleaning up of existing pits, and 

_ many other odd jobs. 

_ Other developments include the use of tractor-drawn scrapers for 

cleaning up various jobs and opening up new mines ; bulldozers and bull- 

graders for track-grading, road-work, etc. ; conveyor-belt systems, which 

_ are dealt with on p. 194; and the installation of modern blast-hole drills 
with mechanical bit-dressers, 


wee 


_ Open-cast Ironstone Mining in Great Britain. 

Finally, in the iron-ore section, I come to the methods of working the 
_ open-cast ironstones of Great Britain, which are almost all in the Jurassic 
_ Measures and stretch in broken lines from Frodingham and Scunthorpe, 
~ in north Lincolnshire, to south Oxfordshire. 

z In comparison with the foreign deposits, described earlier, the iron- 
- contents are very low, ranging from 22-23 per cent. in the Frodingham 
__ stone to 26-38 per cent. in other districts. 

- It is probable that for the following reasons more excavating problems 
_ are encountered in these ironstone fields than in any other industry 
_ employing excavating machinery :— 


oF] 


. 1. Most of the deposits are comparatively small and scattered, and 
this, in many instances, limits the outputs. 

a 2. Many of the properties are worked by iron and steel companies 
- under leases which stipulate, among other things, that the land from 
_ which the ironstone has been removed must be “ restored ” so that it can 
a be put back into cultivation, This means not only levelling the ground, 
but also replacing the top soil or loam and the subsoil in their correct 
_ relative positions, since, if the 6-9 inches of top soil is mixed with the 
2 much larger quantity of subsoil, the resulting mixture will be unsuitable 
_ for agricultural purposes. 

38, The overburden or cover which must be removed to obtain access 
- to the ironstone varies from sand to bedded limestones, ranging from a 
pire feet in depth to as much as can be economically removed. At present 
_ the maximum depth worked is 86 feet, with only 6-8 feet of ironstone ; 
= this necessitates the employment of large machines and efficient 
_ methods to make the operations economical. 

4. Some of the ironstone is calcined, or roasted, in large heaps at the 


wd 
hs 


=e 


180 BARNES ON METHODS OF EXCAVATION WORK AT t : 
i 
-@ 


mine by means of small coal or slack. This process reduces the moisture- 
content, proportionately increases the iron-content, and reduces by 20- : 
25 per cent. the cost of rail transport to the furnaces, some of which are — 
situated 100 miles or more from the mines. 

5. The iron-, lime-, and silica-contents of the ironstone vary consider- 
ably. The Frodingham stone, for instance, contams more lime than is 
required for the blast-furnaces, and it has to be mixed with siliceous iron- 
stone from Northamptonshire, which has a low lime-content. ; 

At one time all the cover was removed and the ironstone was got by 
means of hand labour; but, as the cost of hand labour increased and the 
overburden became deeper, owing to most of the shallow deposits being 
worked out, excavating machinery was brought into use both for stripping 
the overburden and for digging the ironstone. 

At the commencement steam-navvies of about 2 cubic yards capacity 
were employed for digging the stone. Similar machines were used for 
stripping, standing on the ironstone working in conjunction with inclined 
belt- and skip-transporters which dumped the excavated overburden on 
to the ground from which the ironstone had been removed (Fig. 4). Then 
came the introduction of long-boom shovels, and later draglines. The 
advantage of these machines is that one machine combines the two 
operations of excavating and transporting, thus dispensing with the 
transporter. , 

Diesel-engined and electric machines are rapidly replacing the old 
steam-machines. The working costs are considerably lower, and the 
difficulty and cost of supplying the steam machines with the necessary 
supplies of coal and water are avoided. If electrical power is available, 
it is usually employed ; but in more remote districts, where there is no 
supply, or when the expense of extending existing electric cables is not 
justifiable, diesel machines are used. 

The largest ironstone diggers in use are electrically-operated shovels 
with 3}-cubic-yard dippers or buckets. With these machines outputs of 
from 2,000 to 2,500 tons per working day of 8 hours are obtainable. In 
most mines, however, smaller outputs, ranging from 500 to 1,000 tons per 
day, are required, and therefore, depending upon the output required, 
power shovels of from 1 to 2} cubic yards capacity are used. 

In about half of the quarries the ironstone is sufficiently loose to enable 
it to be excavated directly from the face, but in the remainder explosives 
are used, not only to loosen the stone, but also to reduce it to the size 
demanded by the blast-furnaces. In some mines crushers are employed _ 
to reduce the size of the stone still further. When blasting is necessary, 
holes are drilled from the surface of the ironstone in advance of the digger, 
occasionally by blast-hole or churn drills, but usually by means of com- 
pressed-air hand hammer-drills, 

Recently, in several mines wherein the cover is comparatively shallow 
—say 10-12 feet deep—draglines have been used, which combine the two 
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3$-CUBIC-YARD SHOVEL AND SKIP TRANSPORTER IN AN OPEN-CAST 
IRON MINE. 


Fig. 5. 


9-CUBIC-YARD SHOVEL STRIPPING IRONSTONE AND 3}-CUBIC-YARD 
SHOVEL DIGGING IRONSTONE. E 


Fig. 6. 


OPEN-CAST COAL MINING. 


Fig. 7. 


FUSHUN OPEN-CAST COAL MINE, 
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operations of removing the cover and digging the ironstone. One machine 
is thus replacing two, and in some instances, three machines. 

It is quite possible that, owing to the introduction of the walking type 
of dragline with booms 150 feet or more in length, it may be practicable 
to remove up to 40 feet of cover, and also to dig the ironstone with the 
same machine. 

Stripping the overburden presents the biggest problem, however, 
because of the wide variations in the depth and hardness of the material. 
Many mines are still using steam-shovels and transporters, and will prob- 
ably continue to do so until these machines approach the end of their 


- useful lives. Long-boom electric shovels and draglines are, however, 


rapidly replacing shovels and transporters. Between 20 and 30 years ago 


_ combined excavators and transporters were introduced. These worked 


_ very well, but their digging-depth was limited to about 25 feet. Several 


_ of these machines are still in use, including two of the endless-bucket 
_ and belt-conveyor type, working in the Scunthorpe sand cover, and a 
- single-bucket machine of the shovel type, with transporter, in Northamp- 


tonshire. 
The largest stripping shovel in Great Britain is the Ransomes and 


_ Rapier 5360, which has a 9-cubic-yard bucket and a dumping-radius of 


about 100 feet (Fig. 5, facing p. 180). This machine, with rail-wheel 
mountings, weighs nearly 500 tons, and will deal with about 50 feet of 
overburden at the rate of 2,000-3,000 cubic yards per 8-hour shift, the 
exact quantity depending upon the nature and depth of the cover. 
A number of these installations are in use in Great Britain, working 
in advance of 100-RB Ruston-Bucyrus 34-cubic-yard electric shovels 
digging the iron-stone. 

The latest development of stripping machinery is the walking-type 
dragline, fitted with a walking device in place of caterpillar mountings. 
It was described in detail in the Paper on “ The Dragline Excavator’), 
The chief advantage of the walking dragline for stripping ironstone is, 
that for machines of equal weight, longer booms or larger buckets, or 


: both, can be fitted. 


During the year 1940 four draglines of the walking type have been put 
to work in the ironstone fields, and four more have been ordered from the 
makers. Another new development during 1940 was the introduction of 


_ tractor-scraper equipments for opening up new ironstone deposits pre- 


paratory to the installation of a dragline for stripping and a shovel for 


digging the ironstone, or of a dragline to combine the two operations. 


Judging by the trend in the United States, it appears likely that bulldozers 


and tractors will be used in conjunction with the big shovels to clean up 


the surface of the ironstone both in front of and behind the stripping- 
shovels. | 


1 Loe, cit. 
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Open-Cast Mintine—CopPeER. 


The largest open-cast copper-mine in the world, in terms of copper 
- production and ore reserves, is situated at Chuquicamata, Chile, and is” 
owned by the Chile Exploration Company. The mine, which is operated 
on the bench system, is about 8,400 feet long, with a maximum width of 
about 3,000 feet, and the deposit has been proved to a depth of 1,900 feet. 
Fifteen benches have been opened up to a total depth of 725 feet, and i 
these range in height from 36 feet to 64 feet ; the standard height has been” 
fixed at 40 feet, which will apply to the lowest five benches and to all in} 
the future. The transportation system has been entirely electrified and 
nineteen 75-ton to 87-ton electric locomotives are in service. Formerly 
most of the “ clean up ” was done by 3-cubie-yard diesel-engined shovels, 
but these have been replaced recently by diesel-powered caterpillar _ 
** bulldozers.” ; 

Over the entire period of operation, forty-one steam, electric, and diesel- 
engined shovels have been used, but at present twenty-one shovels are in 
use, all electrically operated. 

Four-cubic-yard railroad-type shovels and 8-cubic-yard long-boom 
shovels were used from 1917 to 1926, since when 4-cubic-yard full-circle _ 
electrically-operated shovels have been adopted as standard. For the 
first 6 months of 1940 the outputs of the 4-cubic-yard and the 8-cubic-yard _ 
full-circle shovels, per shift of 8 hours, were as follows :— ss 

4-cubic-yard shovel, 3,461 short tons; current-consumption 0-2649 
kilowatt-hour per ton. 


8-cubic-yard shovel, 3,807 short tons ; current-consumption 0-2828 
kilowatt-hour per ton. , 


Ninety-four churn drills are employed in the mine for large-scale 
blasting operations: these drill 8-inch to 10$-inch holes to a depth of — 
1 foot below the bottom of the bench, and from 70,000 to 150,000 tons of 
ore is broken down per blast. The ore is removed by four hundred 
and sixty 70-ton cars and the overburden by eighty 20-cubic-yard com- 
aaraiend dump-cars. The mine is served by 59 miles of standard-gauge 
tracks. 

An outstanding feature of the shovel operations is the use of a car- 
puller on the shovels to free the pit-locomotives and to avoid expensive 
waiting time caused by car-spotting operations. The earlier car-pullers, 
designed in 1927 by the mine staff, were fitted to the existing machines, 
but a more efficient type has since been incorporated in the design of the 
120-B, 4-cubic-yard shovels ; this comprises a single drum, driven by a 
25-horse-power electric motor, all mounted on a steel frame located at 
the driving end of the caterpillar framing. Trains of ten to fifteen cars are 
used, weighing from 1,000 to 1,500 tons when loaded. To use the car- 
puller the wire rope is uncoiled from the drum and is coupled to one of the 
cars in the train: as each car is loaded the wire rope is re-coiled and an 
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_ empty car is pulled into position for loading. The trains of loaded ore- 

_ cars are hauled an average distance of 2-3 miles to the crushers, wherein 

90 per cent. is crushed to $-inch size, and is then leached, treated, and 
melted into copper shapes for shipment, principally to Europe. 


CoAL. 


Open-cast Mining—Bituminous Coal. 


More open-cast mining is carried out in the United States than in any 
other country in the world, and this accounts for the introduction and 
development during comparatively recent years of huge stripping-shovels 

_ and draglines, together with heavy quarry-type shovels for digging the 

- materials. One firm alone, the Bucyrus-Erie Company, has constructed 

_ more than 200 big stripping shovels, more than 300 quarry-type shovels, 

~ and several hundred “ walking ” draglines. 

3 In addition to 32 million tons of iron ore, 25 million tons of copper 

ore, and large quantities of bauxite and phosphate!, 363 million tons of 
coal per annum ! are being won from the earth in the United States by 
means of stripping methods. Most of the coal, amounting to from 30 to 
32 million tons, is bituminous, and is obtained chiefly from the States of 
Indiana and Illinois. 

The coal-seams, which are more or less horizontal, range in thickness 
from about 2 feet to 6 feet, with an average of about 3 feet. The cover, 
or overburden, which must be removed to obtain access to the coal, is 
from 20 to 80 feet deep, with an average of about 40 to 50 feet; it is 
dumped, usually by means of big stripping-shovels (Fig. 6, facing p. 181) 
or draglines, and sometimes both, over on to the ground from which 
the coal was removed on the previous cut. Some of these machines, 

- mounted on caterpillar tracks, weigh from 1,000 to 1,500 tons, and are 
fitted with buckets of up to 32 cubic yards capacity on the shovels and of 
up to 17 cubic yards on the draglines. The output obtained from the 
largest machines would require the services of 1,500-2,000 men if it were 
_ possible to do the work by means of hand-labour. 

___ Long-boom shovels fitted with buckets of from 6 to 32 cubic yards 
capacity are chiefly used to strip the coal. Usually the shovel has a 
_ sufficient dumping-reach to deposit the whole of the material in the open 
cut, but in some pits where the cover is 50 feet deep or more, the shovels 
are supplemented by long-boom draglines with booms 150-200 feet long. 
_ These follow the stripping-shovel and remove a portion of the top cover 
_ of the next cut so as to reduce the working depth for the shovel. One 
- company is using nine of the largest stripping shovels. In several pits 
_ scrapers are used to remove a portion of the top cover in order to enable 
4 the stripping-shovel to deal with the remainder. 


1 In 1937, 
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Coal-loading shovels with buckets of 1} to 7 cubic yards capacity 
follow behind the “ strippers” and load the coal. Some of these shovels 
are of the usual heavy full-circle quarry type, with radial bucket arms, — 
whilst others, specially built for coal-loading, have a horizontal thrust by 
means of which the shovel-teeth can better penetrate the coal strata and 
partings and clean up the bottom. 

Some of the coal-deposits can be excavated without the assistance of 
explosives, but others are more compact, and the use of explosives is 
necessary. The holes are usually drilled from the surface of the coal by 
means of jack-hammers. The coal is usually loaded into 30-40-ton rail- 
cars, but in some mines, trucks and trailers of up to 20 tons capacity are 
being successfully used; truck haulage is, in fact, finding increasing . 
favour. 

Much of the overburden includes a fairly high percentage of sand-— 
stones, limestones, and shales, which have to be blasted. Horizontal and ; 
vertical drilling is used, depending upon the nature and disposition of the — 
overburden. The vertical holes are usually put down by means of well — 
drills of the churn or percussion type. 

The pits vary widely in size, equipment, and output. Some are 
worked with one stripper and one coal-loader, whilst others have five or 
six large strippers and three or four coal-loaders. Almost all of the 
excavators, both strippers and coal-loaders, are electrically driven, but at 
a few smaller pits steam machines are finishing their career. 

High-tension current at 4,400 volts is generally favoured for the 
strippers, and 2,300-volt current for the coal-loaders ; but sometimes the 
latter are also run on the higher voltage. For drills the power is usually 
supplied at 440 volts. 

- Bulldozers are employed in some of the pits for cleaning the surface of 
the coal and assisting the stripping-machines ; steel brushes are also used 
in some pits to clean the surface still further. 

One large mine is worked in four sections. The coal has an average 
thickness of 3 feet, and the overburden, consisting mainly of sand, boulder 
clay, and shale, is 20-50 feet deep. The coal is loaded into 40-ton railway 
wagons. 

In Section 1, wherein the overburden is only about 20 feet deep, a 
32-cubic-yard stripping-shovel is removing 700,000 cubic yards of over- 
burden per month in conjunction with a 7-cubic-yard coal-loader. 

In Section 2, a 17-cubic-yard stripping-shovel and a 14-cubic-yard 
dragline with 170-foot boom are removing 625,000 cubic yards of over- — 
burden per month, and a 4-cubic-yard shovel is digging the coal. 

Section 3 is similar to Section 2. 

In Section 4, a 9-cubic-yard dragline with 150-foot boom and a 3-cubic- 
yard coal-loader are used. 

The stripping amounts to about 2} million cubic yards per month for 
about 160,000 tons of coal, so that about 14 cubic yards of overburden are — 
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_ removed per ton of coal. All of the stripping machines work three 8-hour 
shifts per day on 7 days per week, but the coal-loaders work only single 
_ shifts of 7 hours each, on 6 days per week. 
For the average daily production of 6,000 tons of coal per shift of 
7 hours only 315 men are employed at the mine, as follows :— 


MPIMETA ANG SHOOLERS .--- se 2. %* +s 2 © Ss 8 we s « 12 
Stripping-machine operators (three shifts) . . . . . . . 72 
En AOROeLAGPUTAtOrs hats us ts, eee ual i een ast « cas AD 
PROGGEOIVO: OLIVOIS A me Te ee Gen oc 6 es Od, wh oe 18 
RCAC ee Cee om te ck Es) ay ae he eee OO 
Men at the tipplersand washers . . . . . .. ... = 
Mechanics ER CSN Te SOE PR a ae a ee a 18 
Supervisors, clerical staff, and miscellaneous ere fee te TS 


Total 5. 2.4,316 


4 The output of coal amounts to 2-7 tons per man-hour, inclusive of 
both direct and indirect labour. 

5 In another large mine, which is worked in three sections, three shovels, 
each of 15 cubic yards capacity, and two draglines with buckets of 12 and 

14 cubic yards respectively, are employed for the stripping and three 

shovels of 44 cubic yards capacity for loading the coal. 

The overburden, consisting of clay, limestone, and hard shale, has an 

average depth of 55 feet, and the coal-seam is 6 feet thick. The over- 

- burden is very heavy and requires well-blasting. Three electric drills of 

the well type are used to put down holes 10 inches in diameter, which are 

_ spaced at 30 feet between centres, staggered in rows 27 feet apart. These 

holes are usually drilled through the limestone into the shale just above 
the coal. The average quantity of overburden per pound of explosive is 
10-5 cubic yards. 

Each stripping-shovel has an approximate average output of 700 cubic 
yards per hour, whilst that of the draglines is 450-500 cubic yards per 
~ hour. The shovels and draglines work three 8-hour shifts per day on 
6 days per week. The coal-loaders work only single shifts of 7 hours each 
on 5 days per week. The average daily output is about 6,800 tons of 
“raw” coal and 6,000 tons of “clean” coal. A total of 213 men are 
employed, so that the output per man-hour is nearly 4 tons of “ clean” 
coal. 

_ By way of comparison, in a comparatively small pit the overburden 
~ consists of limestone and shale with an average depth of 40 feet, whilst 
the coal-seam is 3 feet thick. 

; The overburden is removed by an electrically-operated shovel with a 
 16-cubic-yard bucket at the rate of 700 cubic yards per hour, and the coal 
is loaded by a shovel with 3-cubic-yard bucket at the rate of 167 tons 
per hour. Haulage is effected by five truck-operated trailers with a 
capacity of 17 to 18 tons, which convey the coal from the loading-shovel 
_ to the tippler and washers—a distance of about 14 mile. 2 
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The surface of the coal is cleaned with a tractor-operated bulldozer, 
and is finished by means of steel brooms. 

A total of 126 men are employed in the pit, including superintendents — 
and foremen. 

The weekly basic production of this pit amounts to 10,000 tons of 
coal, and the output per man per shift is 14-9 tons, or approximately 2 tons 
per man-hour. 
i 
Coal—Anthracite. 4 

In the United States about 5 million tons of anthracite coal is obtained 
by open-cast mining methods, chiefly in Pennsylvania. 

Most of the anthracite deposits, unlike the almost level beds of : 
bituminous coal, lie in steeply-pitched basin-like deposits. One typical 
deposit is 400 feet deep, 2,000 feet across the basin from north to south, 
and 1,000 feet from east to west. The beds of coal forming the sides of 
the basin vary in thickness from zero on the upper edges of the basin to 
100 feet in the bottom. 

In order to obtain access to the coal around the sides and in the 
bottom, the whole of the interior, consisting chiefly of rock, has to be 
taken out layer by layer and dumped on the surface around the top of 
the deposit. When the pit was 240 feet deep there still remained about 
60 feet of rock before the coal in the bottom could be reached ; by that 
time 16 million cubic yards of rock had been removed and 600,000 tons of 
anthracite, that is, about 26 cubic yards of rock per ton of coal. 

The rock is loaded by a 4-cubic-yard quarry-type shovel into 13-cubic 
yard compressed-air-operated dump-cats, which are hauled up an incline 
1,300 feet to the surface. 

The coal is loaded into 5-ton mine cars by a 1}-cubic-yard shovel for 
transport to the shakers, screens, and washers, 


The Fushun Open-Cast Coal Mine, Japan, 


Japan possesses enormous and amazing coal-deposits in Manchukuo, 
which are estimated to contain a total of at least 10,000 million tons. 
Included in this total is Fushun (Fig. 7, facing p. 181), the largest open- 
cast coal-mine in the world, situated about 30 miles east of Mukden, with 
coal-reserves estimated at approximately 1,000 million tons. The word 
“amazing” can well be applied to this coal deposit, which covers an area 
of 16,500 acres and is 10 miles long, 24 miles wide, and 78 to 420 feet 
thick, with an average of 130 feet. 

In 1936, the total output of coal from Manchukuo was nearly 14 million 
tons, of which Fushun accounted for nearly 10 million tons, or nearly 
30,000 tons per working day. This deposit had been worked by the 
Russians on a small scale, but, as a result of the Russo-Japanese war, full 
rights of exploitation were acquired by Japan. 
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The coal should not be confused with the open-cast brown coal or 

__ lignite deposits found in Germany, as it is a good, hard, bituminous coal. 
The surface of the seam dips considerably from about 50 feet, where 
the workings commence, to a maximum of 450 feet ; at the present rate 
of working, the maximum depth will probably not be reached for 100 years. 
The overburden or cover, estimated at 5,000 million tons, consists of 
_ oil-shale containing an average of 6 per cent. of oil. In order to avoid 
_ having to dump this overburden to waste and to provide a supply of home- 
_ produced crude oil, especially for the Japanese navy, a large shale-oil 
plant was erected in 1928-9, at a cost of about £700,000, to deal with 
- about 14 million tons of shale per annum. In 1936 this plant employed 
about 1,200 men, and produced 66,000 tons of crude oil, 20,000 tons of 
paraffin, and 16,200 tons of petrol, in addition to coke and other by- 
products. Since then it has been increased enormously, as in 1936 a sum 
of more than £1,000,000 was spent on a new experimental plant. Under 
a.“ 5-year plan” an output is aimed at, by 1942, of 800,000 tons of oil 
- from shale at Fushun and Sanhsing, and of 800,000 tons from coal-lique- 
faction plants at Fushun and elsewhere, together with a total annual 

_ production of 254 million tons of coal from the coal-deposits in Manchukuo. 
Z More than twenty excavators are employed at Fushun to remove first 
_ the oil-shale overburden and then the coal. Large steam endless-bucket 
excavators, long-boom steam shovels, and electric quarry-type shovels are 
_ employed to load the shale into wagons for transportation to the shale-oil 

lant. 

3 The coal is removed from a series of wide benches stretching down to 
the bottom of the pit ; these are about twelve in number, and are about 
20 feet high. Until about 10 years ago all the coal was obtained by means 

of hand labour, but electric shovels were then introduced to dig the coal 
and load it into long trains of wagons standing on railway tracks leading 
- to an incline more or less centrally situated in the workings, whence 
2 they are brought to the surface by means of powerful haulage systems 
- operating on about six inclined tracks, 

Although it does not concern the description of the workings at 
_ Fushun, it may be interesting to know that within the past few years 
_ many other coal deposits, both underground and open-cast, have been 
- discovered and opened up. The largest is the Fushsin deposit, which is 
_ being developed as an open-cast mine and is estimated to contain 4,000 
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~ million tons of bituminous coal, or approximately four times more than 
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. As at most other quarries and open-cast mines, the full-circle electric 


_ quarry-type shovel is universally favoured for the excavation of limestone, 
te., for the manufacture of cement. Fig. 8 (facing p. 188) illustrates a 
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typical limestone quarry, in which three blast-hole churn drills are used to 
drill the necessary holes to receive explosives for blowing the material 
down to two 3}-cubic-yard quarry-type shovels in the bottom of the quarry. _ 
The present depth of the face is 110 feet, but this will steadily increase _ 
until it attains a maximum depth of about 190 feet. S| 

Holes 6 inches in diameter are drilled from the surface at a drilling- — 
speed of 4-5 feet per hour. These are spaced about 18 feet apart, and 
are drilled 3-5 feet below the quarry-floor in order to ensure that the 
bottom rock is well shattered to enable the shovels to deal with it. 
Normally, from nine to twelve holes are shot at one time, bringing down — 
5-6 lb. of stone per pound of explosive. The two shovels load at the rate of — 
150-170 tons per hour, and the current-consumption is about 0-38 kilowatt-_ 
hour per ton of stone. | 

The limestone is loaded into 20-ton side-tip steel wagons, which are 
hauled by an electric locomotive to the screening and crushing plant, 
consisting of a Ross screen and chain feeder. The latter feeds the stone 
into a 60-inch jaw crusher, which reduces it to 9-inch size; it is then fed 
over a belt-conveyor into a cone-crusher, which reduces it to 14 inch and 
delivers it on to a long belt-conveyor leading down to the works. The 
clay for mixing with the limestone is excavated by means of an endless- 
bucket excavator. 

For chalk, which can be readily excavated without the assistance of 
explosives, the 24-cubic-yard electric quarry-shovel is generally accepted 
as the most suitable size and type of machine for outputs ranging from 
120 to 150 tons per hour. Full-circle quarry shovels of smaller capacity 
are usually employed to excavate the clay. 


Limestone Quarry—Truck Haulage. 


A new limestone quarry in Pennsylvania has adopted motor-trucks for 
transporting the limestone from a 4-cubic-yard shovel to the weighing- 
scales and crusher, situated about 700 feet from the shovel, and to take — 
the overburden from a 2}-cubic-yard shovel to the dump, about 600 feet 
distant. The results are interesting. 

Five 15-ton end-dump trucks are used, two to remove the overburden 
and two for the limestone. The fifth truck is kept in reserve to relieve 
the others if required. ‘ 

The average load of overburden is 8 cubic yards, and an average of 
11-4 loads are carried per hour—a total of 91-2 cubic yards. The average — 
load of limestone is 13:5 tons, and 10-6 loads are dealt with per hour—a 
total of 143-1 tons. 

The company reports that the trucks have decreased the haulage costs 
considerably in comparison with those of the rail-cars and tracks used 
previously. The reduction is ascribed primarily to the low operating and 
maintenance costs of these trucks, which are driven by diesel engines. 


3$-CUBIC-YARD QUARRY SHOVELS EXCAVATING LIMESTONE. 


Fig. 9. 


i ~ 4-CUBIC-YARD ELECTRIC SHOVEL AT PENMAENMAWR. 
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Savings are also being realized indirectly owing to their flexibility, which 
results in more continuous and efficient operation. 


GRANITE. 


The heaviest excavating job in Great Britain is on Penmaenmawr 
mountain, North Wales, where two Bucyrus-Erie 120B 4-cubic-yard 
electric quarry-shovels (Fig. 9, facing p. 188) are excavating granite 
1,340 feet above sea-level. 

The bench system of working is adopted, the benches being from 90 
to 100 feet deep. Holes about 20 feet deep are drilled and are “ sprung ” 
until they are large enough to contain about 100 lb. of black powder. 
The usual practice is to shoot down 1,000-3,000 tons at a time, but as 
much as 70,000 tons has been brought down by a single blast. High 
explosives are not favoured, owing to their shattering effect on the rock. 
Secondary drilling to reduce very large sizes of rock to the desired size is 
carried out by means of jack-hammers. 

The rock is loaded into trains of side-tip wagons, designed by the 
Penmaenmawr Company, and is hauled to the crushing-plant, where 
_ 72-inch by 56-inch jaw crushers reduce it to 10-inch size. A Ross chain- 
feeder is used to control the flow of stone into the crushers, which are 

driven by a 400-horsepower electric motor. 

The discharge from the crushers is carried by a 42-inch conveyor-belt 
to a vibrating screen which allows all dirt and material smaller than 
24 inches to pass through. The larger material is conveyed to a hopper 
of 500-600 tons capacity, whence it is loaded into wagons which are 
lowered down two inclines to a secondary crushing-plant, where the stone 
is reduced by a gyratory crusher to 4~4}-inch size. It is then passed on 
to a battery of cone-crushers which reduce it still more. All stone of less 

than } inch is rejected, and the cone-crushers, in conjunction with 
vibrating screens, produce good cubical-shaped stone from 2 inches to 
-$ inch. 
: The extent of the operations on Penmaenmawr can be gauged from 
the fact that in addition to the two large electric quarry-shovels and the 
crushing and screening plants, fifteen locomotives are used in conjunction 
with 70 miles of light railway on the mountain-side. 
_. The crushing-plant has a daily capacity of 4,000 tons. In addition, 
" many paving sets ranging from 5 inches by 4 inches to 5 inches by 9 inches 
“are produced. by expert hand-labour. 
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= Tractor EQUIPMENT. 


| eataded under this heading are graders, elevating graders, bulldozers, 


- bullgraders or angledozers, and scrapers. : 
The use of the ordinary road-grader has not developed to any extent 
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in Great Britain, as our network of surface roads is more complete than : 
in America ; on that continent, however, the road grader has been, and still 
is, responsible for making and maintaining many hundreds of miles of — 
unsurfaced or “dirt” highways. Elevating graders have achieve 
spectacular performances—again mainly on the American continent—and 
under good working conditions outputs ranging from 300 to 400 cubic 
yards per hour are obtainable. Their application is probably too 
specialized ever to achieve any degree of general popularity. During 
recent years, however, since the introduction of caterpillar-track diesel- 
powered tractors, extraordinary strides have been made in the desig 
application, and size of the other equipments mentioned. 
Bulldozers (Fig. 10, facing p. 189) and bullgraders may be termed the 
‘hack ” equipments for tractor or transporting installations, although they 
are in a very virile stage of development. They have a hundred and one 
uses, and are becoming indispensable on many excavating jobs. Dirt can 
be moyed lengthwise for distances of up to 100 or 200 feet with a bulldozer 
more cheaply than with other forms of excavating equipment. 
Although the method of shifting materials by a bulldozer or bullgrader 
may seem crude in the extreme, consisting, as it does, in merely pushing 
a load by a blade in front of a tractor along a surface, it cannot be ove 
emphasized that efficient operation requires a considerable measure of 
skill. Similarly, specialized knowledge is called for in determining the 
proper method of applying bulldozers and bullgraders to any particular 
earth-moving project. Such factors as gradients, sorting, load-hauling, — 
and idle travelling, distances, and speeds, must be given careful con-_ 
sideration if the maximum efficiency is to be obtained from the equipment. 
A recent job in the Fen country will serve as an example of the work 
of a bulldozer on a 70-horsepower tractor. This equipment was used to 
spread a spoil-bank alongside a drain; the average height of the bank — 
was 6 feet, and the average width at the base, 20 feet. The material, 
consisting of silt, sand, and clay, was spread over the land adjoining the 
drain over a distance of about 150 feet, and the ground was then cross-_ 
levelled. In a working week of 70 hours, this bulldozer spread 1,320 linear 
yards of bank, representing an average output of approximately 124 cubic — 
yards per hour. In order to enable this performance to be judged in its 
proper perspective, it should be remembered that before the development. 
of bulldozers probably the only mechanical method of spreading this spoil- 
bank would have been by means of a dragline excavator. To have 
obtained similar results with a dragline, at least four to five times the 
capital expenditure required for the bulldozers would have been necessary ; 
moreover, the operating costs would have been considerably higher, and 
the j ob would certainly not have been carried out with anything like equal 
efficiency. 
In many ways the use of scrapers (Fig. 11, facing p. 189) begins where 
bulldozers and bullgraders leave off, although, of course, there are jobs 


nN 


oe Reet bs 


HOME AND ABROAD, 19] 


_ which can be done only by bulldozers or bullgraders, just as there are jobs 
which can be done only by scrapers: 5 or 6 years ago it was doubtful 
whether there were a dozen scraper-units in Great Britain. Now hundreds 
are in use on all kinds of constructional and earth-moving jobs all over the 

country. Apart from technical development, their success is due entirely to 

_ the fact that they combine in a single unit the two operations of digging and 
‘transporting. In addition, with one form of scraper, the material, after 
being transported, can be spread in layers of various thicknesses upon the 

dump. This form of scraper, which dumps its load between the four 
wheels on which it is carried, is by far the most popular in Great Britain, 

Another form of scraper, which is usually hydraulically operated and 

- mounted on two wheels, dumps its load at the rear only, and consequently 

has not the spreading ability of the four-wheeled type. 

In considering the use of scrapers, with their digging and transporting 
abilities, as opposed to single-bucket excavators, it must be understood 
that a clear distinction exists between the correct application of the two 
types of equipment. 

_ When single-bucket excavators, that is, power-shovels, were first 

_ introduced, the booms were only of sufficient length to enable the buckets 

to discharge into wagons placed very near to the machine, the wagons 

_ being then made up into trains drawn by a locomotive and taken to the 

_dumping-ground, Then came long-boom shovels for stripping, to dispense 

"with the use of dumping-cars or wagons, by means of which the material 

could be dumped 100 or 150 feet from where it had been excavated. 

These were followed by long-boom draglines, the largest of which carries 

a 20-cubic-yard bucket on a boom 200 feet long, so that 20 cubic yards of 

- material can be dumped 200-400 feet away after excavation, A machine 

of this description, however, weighs more than 1,000 tons, costs about 

- £100,000, and has a dumping-range limited by its dumping-radius ; more- 

_ over its use is confined more or less to one job because of its huge size and 

"weight, and its consequent limited mobility. 

Broadly speaking, a scraper can be described as a dragline bucket 

mounted on wheels by means of which it can, when full, be transported 


any economical distance for dumping. Even the digging action is similar 


to that of a dragline bucket, because the bowl or body of the scraper is 
fitted with a cutting-lip to which power is applied to excavate the material, 
_The thickness of cut can also be controlled like that of a dragline 
bucket. ; 
The digging effort applied to the lip of a dragline bucket by means of 
“the drag-rope is roughly ten times greater than the cutting or digging 
effort on the cutting-edge of a scraper of equal capacity. Therefore the 
scraper is unable to dig such heavy material as can be dealt with by a 
oi, agline bucket, and cannot take such a thick cut, even in material within 
i its digging capabilities, so that it requires a longer digging-distance in which 
to fill. d 
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To put it in another way, a dragline bucket can, in average material, fill 
itself to capacity within a distance of roughly 10 feet, but a scraper in 
comparable material will fill itself only in about 100 feet, which is roughly — 
proportional to the cutting effort upon the respective cutting-edge or 
lip. | 
Broadly speaking, scrapers are suitable only for ploughable material 
or for other materials which have been loosened by a ripper or scarifier. 

Scrapers of the type referred to so far are most efficient on jo 
involving hauls or transport-distances of from 300 to, say, 1,500 feet ; 
thus they are outside the largest dumping-range of a standard shovel o 
dragline, but are still short of the range wherein a shovel or a draglin 
can be used profitably in conjunction with a locomotive, dump-cars, an 
railway tracks or motor-trucks. The figure of 1,500 feet is arbitrary: i 
some instances, scrapers with track-type tractors have been used for work 
involving one-way hauls of up to 3,000 feet, but for long distances ve 
careful calculations are necessary to ensure that such equipment is likely 
to prove more economical than alternative methods. Obviously there is 
a limit beyond which the hauling or travelling distance with scraper 
equipment hauled by track-type tractors becomes uneconomical, because 
of the time occupied in travelling, which proportionally reduces the 
percentage of digging-time, and consequently the output. 

As an example, consider a 94-cubic-yard scraper which, for a 300-foot 
one-way haul, has an output of approximately 140 cubic yards per hour 
in average material. If this haul were increased to 900 feet, the output 
would be reduced to about 70 cubic yards per hour, that is, only half that _ 
of a 300-foothaul. For a 1,500-foot haul the output would be about 45 cubic 
yards, or about one-third ; for 2,200 feet, about 35 cubic yards, or one- 
quarter; and for 3,000 feet about 28 cubic yards, or one-fifth of the 
~ output of a 300-foot haul. 

An alternative method, when the travelling distance is uneconomical, 
is the use of a single-bucket excavator, loading into dump-cars on railway 
tracks, or into motor-trucks or dumpers ; but that is not the only alterna-) 
tive. Recent developments have produced the wheel tractor-scraper, 
which consists of a tractor mounted on big pneumatic tires, instead of 
caterpillar-tracks, hauling a scraper which, during the digging operation, is 
assisted by a caterpillar-mounted tractor working as a “ pusher” to 
provide additional power during the digging operation. When the scraper 
is full the pusher-tractor is withdrawn and the wheel-mounted tractor, 
still coupled to the scraper, hauls it to the dump. With this form of — 
equipment travelling-speeds of about 20 miles per hour can be obtained ; 
thus the time occupied in hauling the loaded scraper to the dump is 
reduced considerably and consequently the length of economic haul is 
increased, so that one-way hauls ranging from 2,500 feet up to limits 
undefined by present experience, but approaching 5,000 feet, become a 
reasonable proposition. I have tried to make it clear that wheel tractor- 
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_ scrapers depend upon external power in the form of an additional tractor 

_ employed as a pusher during the digging operation, as, naturally, the 

tractive effort of the rubber-tired driving-wheels of the tractor is not 
usually sufficient to dig and fill the scraper to reasonable capacity. 

Many kinds of excavation work are suitable for scrapers, the chief of 
~ which is probably a “ cut and fill” job on undulating ground. They are 
_ particularly useful for levelling aerodromes, factory sites, etc., and also 
for dam and bank construction ; road grading ; levee building; drain, 

canal, lake, and pond excavation ; stripping quarries; etc. 

One of the largest jobs upon which they have been used was the con- 
struction of the Hansen dam, near Los Angeles, California, during 1939, 

“involving the excavation of more than 14 million cubic yards of material 
_ from borrow-pits. 
< The scraper equipment included fifteen scrapers of 24-30 cubic yards 
capacity, twenty-two caterpillar diesel-engined tractors, twenty-eight 
_ trucks, and four motor graders. Every possible care was taken to obtain 
the highest working efficiency. In the first place, the loading in the 
 borrow-pits was carried out on a slope which was maintained at about 
15 per cent.; thus, in addition to reducing the hauling power for filling, 
the material in the pit was mixed by cutting across different layers or 
strata. 
z In order to reduce the loading-time, and to provide additional power 
for filling the scraper to its utmost capacity, a tractor-pusher was used 
during the filling operation. All tractors were fitted with bulldozers to 
_ assist in maintaining the digging-slope at a level accurate gradient. 
4 The wide roads between the borrow-pits and the dam were very care- 
fully maintained so as to obtain the highest possible travelling-speed, 
_ which averaged about 12 miles per hour with the fully-loaded scraper, 
_ with a maximum of 20 miles per hour on the return trip. The length of 
haul attained a maximum of about 6,500 feet. 
A very complete service department was installed to maintain the 
equipment in the best possible condition. The units operated three 
_ Th-hour shifts per day over a 6-day week, which allowed 30-minute breaks 
between the shifts and a complete day for overhauls. During the 30- 
4 minute breaks service gangs of four men attended to both scrapers 
_ and tractors with a special service-truck which carried the necessary 
equipment to enable oiling and pressure-greasing to be carried out 
* quickly. 
9 At the end of the last shift on Saturday night all the vehicles were 
y 
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~ taken into a specially-built maintenance shop staffed by a force of skilled 

mechanics, who carried out, during Sunday, any major repairs in accord- 
ance with records made during the working week. 

‘The changing of tires on the eight scrapers was a problem, as they 

_ were 6 feet 8 inches in diameter and weighed 1,400 lb. each. Ifa flat tire 

. developed in the field a truck-mounted crane, with all the necessary 


: 
% 
> 
‘ 


di 


194 BARNES ON METHODS OF EXCAVATION WORK AT 


equipment, including a spare tire, was dispatched from the main repai 
shop. 

No records of output are available, but the loading-time was betw 
60 and 90 seconds over an average distance of 100 feet. The unloading- 
time on the fill was about 60 seconds, and the average load worked out 
at about 20 cubic yards, place measurement. 

Another example is an open-cast coal-mine in Illinois, where tw 
8-cubic-yard scrapers and 70-horsepower caterpillar tractors were used to 
strip a part of the overburden in order to enable a large stripping-shovel 
to dispose of the material on the dump side. On this job the overburde: 
was reduced from 50-55 feet to about 30 feet. In a period of 6 weeks 
total of 43,220 cubic yards of overburden was excavated and moved a 
average distance of 300-400 feet. Each unit removed 63 cubic yards per 
working hour at a cost of $0-035, exclusive of depreciation, which w 
calculated on a tractor-life of 10,000 hours. 

The result was so successful that the mine-owners, the Truax Traer 
Coal Company, purchased other tractor-scrapers, not only for reducing 
the depth of cover in other mines, but also for cutting runways and ramps, 
levelling roadways, cleaning up slides, road building, etc. 

In 1939 a 13-cubic-yard scraper was employed to reduce 60-65 feet of 
overburden to a uniform depth of 50 feet. On an average haul of 650 feet, 
260,000 cubic yards of material was moved in 130 operating days. The 
average output was 2,000 cubic yards per working day of 21 hours, divided 
into three shifts of 7 hours each, or an average of nearly 100 cubic yards — 
per hour. The average loading-length was 90 feet in the top soil, and — 
120 feet in hard clay. The cost, including maintenance, but excluding 
major repairs and depreciation, was $0-0175 per cubic yard. 
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Brut-CONVEYORS. 


An increasing tendency is developing for the use of motor-trucks, 
scrapers, bulldozers, etc., in place of locomotives, rails, and rail-trucks for 
dealing with excavated material, whilst belt-conveyors are also receiving 
greater favour. 

A notable example was the recent installation at the Grand Coulee 
dam, in the United States, of a complete belt-conveyor system more than 
5 miles in length, which removed more than 10 million cubic yards of 
excavated material and conveyed the concrete aggregates required for the 
construction of the dam. The materials were loaded by shovels into 
motor-trucks, which transported them to grizzlies and feeders. A bull- 
dozer was used to break down the material and force it through the 
grizzlies to the feeders ; these feeders delivered the material to 42-inch — 
tributary conveyors, which carried the material to a central hub-feeder, 
whence it flowed in a steady stream to a 60-inch belt conveyor, 4,648 feet 
in length, consisting of nineteen flights of a maximum slope of 14 degrees, 
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and from 156 feet to 450 feet in length, with a gross lift of 626 feet, 
' The belt-speed was 620 feet per minute, and the output was 2,500 cubic 
yards per hour. Motors of 200 horsepower were fitted to each of the 
_ flights, and the total power required, including the tributaries and a 
stacker, amounted to 5,200 horsepower. 
- A more recent system has been installed in connexion with the con- 
_ struction of the Shasta dam across the Sacramento river, in California, 
- for which nearly 10} million tons of gravel and sand will be required, all 
_ of which is intended to be transported on a conveyor system 94 miles in 
length. The sand and gravel are being excavated by a 10-cubic-yard 
- Bucyrus-Monighan walking dragline, assisted by a 5-cubic-yard machine 
_ of the same make and type which is used for stripping and also to supple- 
ment the larger machine. 
- __ The sand and gravel are discharged by the dragline through a hopper 
on to a pendulum belt-conveyor, which transfers it by means of other 
conveyors to the treatment-plant, where it is washed, crushed, and 
_ graded ; it is then put into stock-piles nearly 10 miles away by means of 
the long 36-inch belt-conveyor system, which winds its way up hill and 
down dale, across three railways and five highways. There are twenty- 
ze six flights or belts ranging from 853 feet to 3,414 feet in length, forming 
~ a total of 20 miles of belting. Some of the flights are down-hill, and on 
these the motors are operated as generators to develop current to assist 
the motors of the ascending flights. A maximum elevation of 1,350 feet 
is obtained, including a climb of 853 feet in 8 miles. The belt-speed is 
550 feet per minute, and the output is 1,100 tons of material per hour, 
The end-to-end travelling time is 1 hour 40 minutes. 

Other conveyor systems are used in coal-mines and upon the Mesabi 
iron range. At one mine belts are used for conveying ore from a stock- 
pile 600 feet in length. The first line of belting runs the whole length of 

‘the stock-pile, and parallel to it. The ore from the stock-pile is loaded 
by a 1}-cubic-yard shovel, into a travelling hopper above the belt, whence 
‘it is discharged along the length of the belt as the shovel progresses along 
the pile. The ore from the belt is then transferred to another section, 
consisting of four flights of 30-inch belts, inclined at 20 degrees, having a 
total length of 4,440 feet and a capacity of 400 tons per hour. 
In another iron-ore mine the ore is brought to the surface of the pit, 
_ which is 225 feet deep, by means of three flights of 284 feet each, set at 
an angle of 19 degrees 10 minutes. The belts are 30 inches wide, run 
at a speed of 350 feet per minute, and transport 250 tons of ore per hour. 
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In conclusion, I hope to have been successful in indicating the trend 
_ of developments in excavating machinery by means of illustrated descrip- 
tions of many large excavating jobs. 

_ Emphasis has been placed rather on quarrying and open-cast 
“mining operations, because it is here, I think, that the greatest develop- 
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ments have taken place during recent years. I have purposely avoided — 
saying much about the dragline excavator because that machine was, I _ 
believe, fully covered in the Paper I had the pleasure of reading before 
The Institution recently}. 


The President moved a vote of thanks to the Lecturer, which was: 
acknowledged. 


APPENDIX. 


Acknowledgement is made to the following gentlemen and firms for information 
and photographs :— 
British Conway Shovels, Ltd. (Mining shovels). 
The Bucyrus-Erie Company, Ltd. (Open-cast mining, etc.). 
The Chaseside Engineering Co., Ltd. (Loaders). 
Mr. R. Elsdon, Librarian, The Iron and Steel Institute. 
Mr. F. R. Hockey, of the Broken Hill Proprietary Company (Broken Hill iron-ore 
mines). 
The International Harvester Company of Great Britain (Tractor equipment and 
trucks). 
The Japan Travel Bureau, London (Fushun). 
Jack Olding, Ltd. (Tractor equipment). 
The Penmaenmawr and Welsh Granite Co., Ltd. 
Ransomes and Rapier, Ltd. (Stripping shovel). 
Ruston-Bucyrus, Ltd., and the following members of their organization :— 
Mr. G, Poore (Limestone). 
Mr. G. E. Savory (Kiruna and Albert Canal). 
Mr. A. Webster (Tractor equipment). 
The Chile Exploration Company. 
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fg INTRODUCTION. 


Durine recent years considerable attention has been devoted to the 
feasibility of vertical pipes for removing surplus water from reservoirs, 
and a number of large installations of this type have been built, notably 
- that at the Jubilee reservoir, Hong Kong. A masonry dam, combined 
_ with a weir, is no longer the only standard method of impounding water, 
and when new works are contemplated the alternative of a rubble or earth 
_ dam with a vertical bellmouthed pipe for the flood-water must also be 
considered. This method is attractive in unstable regions where a rigid 
dam might be seriously damaged by earth tremors, and it frequently 
_ offers financial advantages, particularly when the construction of a diver- 
2 sion tunnel is necessary. In such circumstances the bellmouth may be 
arranged to discharge into the downstream part of the tunnel, which can 
thus be put to permanent use. : 
In spite of their importance, the behaviour of bellmouthed overflows 
has not been extensively investigated, and their action is still imperfectly 
understood. In1937 Mr. W. J. E. Binnie, M.A., Past President Inst. C.E.2, 
_ described seven bellmouth overflows at Burnhope, Hong Kong, and else- 
_ where, most of which had been constructed by him. He described in 
detail the model-experiments upon which the designs were based, and 
_ devoted special attention to vortexes and their suppression. He also 


-__-1 Correspondence on this Paper can be accepted until the 15th May, 1941, and — 
_ will be published in the Institution Journal for October, 1941.—Sro. Inst. C.E. 

2 “ Bellmouthed Weirs and Tunnel Outlets for the Disposal of Flood-Water.” 
‘Trans. Inst. Water Engrs., vol. 42, p. 103 (1937). , 
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mentioned a new device which was an ingenious combination of a siphon 
with a bellmouth. A more elaborate account of the Jubilee reservoir 
experiments was published by Mr. G. M. Binnie, M.A., Assoc. M. Inst. C.E.1 

In 1938 one of the Authors 2 described an investigation on a laboratory 
scale, which was concerned mainly with the behaviour of vertical pipes of 
uniform diameter. For purposes of comparison, a few additional experi- 
ments were performed with a deep bellmouth (referred to later as bell- 
mouth A). The Author demonstrated that there was a definite limit to 
the discharge through the overflow ; above a certain critical head, depend- 
ing upon the forms of the tail-piece and its inlet, the pipe virtually 
refused to pass more water. The present Paper gives an account of further 
work carried out at the Engineering Laboratory, Oxford, with the same — 
apparatus. Bellmouth A was tested with a variety of tail-pieces 1 inch in 
diameter, and its action was compared with that of a shallow bellmouth, 
designated B. The entrainment of air and the formation of vortexes 
were studied, whilst the different types of flow were photographed. It 
may be objected that experiments on so small a scale will not yield coefti- 
cients of discharge which can be applied with confidence to large bell- 
mouths ; but it must be borne in mind that under laboratory conditions 
the apparatus can be constructed and the necessary measurements can 
be made with a high percentage of accuracy—probably better than that 
obtainable in the field. The results should err on the safe side, since the 
effects of surface friction are proportionately more important in small 
pipes than in large, At least, there is no reason to suppose that the types 
of flow observed will not occur also in a large installation. 


DESCRIPTION OF THE APPARATUS. 


As it was very important that the flow of water to the bellmouth under 
test should reach it without any tangential velocity, the open tank in 
which the bellmouth was placed was made of circular form, and water was 
supplied to it in a symmetrical manner, The tank, designated A in the 
half-sectional elevation (Fig. 1), was 4 feet in diameter and 2 feet 6 inches. 
in height. In the centre of the bottom a hole 5 inches in diameter was 
cut, and below this the brass casting B was bolted. The base of the casting 
was closed by the plate C, and the pipe D, to the top of which the bell- 
mouth was fitted, was soldered to this plate, The tank was supported on 
three levelling-screws so that the crest of the bellmouth could be set truly 
horizontal, Water was supplied from a constant-level tank in the. 
laboratory roof through a control valve to two 2-inch openings diametrically 
opposed in the casting B, It then passed vertically upwards in the annular 
space between the casting B and the pipe D, any rotational velocity about. 


1 “ Model-Experiments on Selinaiiilaleeslt Daud Bellmouth Overfl i rah 
ae r mM inne hae ¢ mrp Ps 65 (Nov, on . ow Bpillways, 
- M. Binnie, “The Use of @ Vertical Pi ty) Tank.” 
Proc. Roy. Soe., vol. A.168, p. 219 (1938), pe as an Overflow for a Large Testi, 
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SY RAE 


_ a vertical axis being suppressed by a honeycomb. After passing through 
the bottom of the tank, the water was constrained to move outwards in a 
radial direction by the disk E, 2 feet 11 inches in diameter, which was sup- 
ported on three small feet, 1} inch long and arranged symmetrically. The 
clearance between the disk and the pipe D was sealed by a brass plate and 
a rubber ring; thus the incoming water was prevented from disturbing 
the flow at the bellmouth-inlet. In all the tests the crest of the bell- 
' mouth was 12 inches above the disk E, so that the effects of the tank- 
_ bottom upon the flow may be regarded as negligible. The arrangement 
_ described above ensured that the water reached the pipe-inlet not only 
steadily but also radially when seenfromabove. Floating particles dropped 
on the surface in the tank invariably travelled in straight lines direct to the 


Scale: 1 inch = 2 feet. 
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ELEVATION OF CrrcuLAR TANK, 


action of the bellmouth. 

The water-level in the tank A was found by means of a hook-gauge 
_ placed on a cross-bar near the circumference of the tank where the velocity 
of approach was negligible. The effects of surface-tension at the rim of 
_ the bellmouth prevented direct reading of the zero of this gauge. A sub- 
_ sidiary hook-gauge with its‘end formed to the shape illustrated in Fig. 2 
was therefore mounted on the cross-bar near the centre of the tank. With 
_ this gauge two readings were taken. The first was made when the bottom 
_ of the gauge was resting on the crest of the bellmouth ; the outlet of the 
pipe D was then closed by a cork and the water-level in the tank was 


_ raised 2 inches above the crest of the bellmouth. The second reading was _ 
then made with the upper point in the surface, and the main hook-gauge 
_ was observed at the same time. The distance d between the top and the 
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bottom of the gauge was known, and thus the desired zero was easily 
found. When the subsidiary gauge was not in use, it was drawn up out of 
the water. og 
In the experiments described by Mr. W. J. E. Binnie (loc. cit.) the air- 
flow was measured by building over the bellmouth a sealed hut, the walls — 


Fig. 2. 


' 
‘ 
—_ 


Supsrp1aky Hook GAvGE. 


of which extended below the water-surface. The pressure in the hut was 
maintained atmospheric by the admission of compressed air from the works 
plant through calibrated nozzles. In the Authors’ experiments this 
method was impracticable, and the air was measured at the pipe-outlet 
by means of the apparatus shown in Fig. 3, which illustrates the arrange- 
ment when the outlet was vertical. After leaving the pipe the water fell 


Fig. 3. 


Arm-MEASURING APPARATUS, 


into the open tank P, one edge of which was cut away to form a long weir. 
Thus the level in this tank remained almost constant whatever the flow. — 
After it had flowed over the weir the water dropped into a calibrated 
measuring-tank. The air which passed down the pipe with the water was 
trapped in the bell Q, which was 19} inches high and 12 inches by 12 inches 
in plan. The weight of the bell was carried by four adjustable feet resting 
on the bottom of the tank P, and a gland was provided where the pipe 
passed through the top of the bell. The air-pressure in the bell was 
measured by the water U-gauge R. The air was led from the top of the 
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bell through the large vessel 8, which served to steady the flow, to the 


- calibrated gas-meter T. In order to overcome the frictional resistance of 


=) Oh PS 


the piping and meter, the ejector-fan V was connected to the meter- 
outlet ; by adjustment of this fan, the air-pressure in the bell could be 
maintained steady at any value. It was found necessary to fix the plate X 
below the end of the pipe in order to break the fall of the water, and to 
prevent air from being swept out of the bell. The water temperature 
varied a few degrees above and below 10° C., with no noticeable effect on 
the other observations. 

A small brass casting was fixed to the outlet end of the pipe so that, 
when required, sharp-edged orifice plates could be inserted to resist the 
flow in much the same manner as an additional tail-piece.. Two stainless- 
steel plates were made, orifice No. 1 having a diameter of 0-880 inch and 
orifice No. 2 of 0-687 inch. When neither was in position the flow was 
unimpeded, as the internal diameter of the casting was equal to that of 
the pipe. A number of experiments were performed with the pipe-outlet 
horizontal, and the casting was then bolted to the side of the bell near 
the top. 

The dimensions of the bellmouths are given in Fig. 4. Each was a 
machined brass casting, which could be placed with a push fit over the top 
of the vertical pipe D (Fig. 1). The bellmouth under test was always 
dried with a cloth immediately after use, and thus its surface was pre- 
served unimpaired. Bellmouth A, a deep cone, was geometrically similar 
(except for the form of the crest) to that shown by full lines in Mr. W. J. E. 
Binnie’s Fig. 9 and Mr. G. M. Binnie’s Fig. 16. Under most practical 
conditions itis probably of a shape too expensive to construct, but 
theoretically its form is good. When this bellmouth is running full, the 
velocity of the water increases only slowly as it descends. Thus a large 
negative pressure, liable to suck down air and give rise to a vortex, is not 
to be expected near the surface. Bellmouth B was a replica of that 
illustrated in Mr. G. M. Binnie’s Fig. 3, but with the lip omitted and the 
part sloping at 1 in 8 near the crest very slightly extended so as to make 
the crest diameter 5 inches, as in bellmouth A. The behaviour of the two 
can therefore be easily compared. The shallower bellmouth is less costly, 
but (as indicated above) the formation of vortexes in it is more probable. 
All the piping, both straight and curved, was of stainless steel, used (as 
supplied by the makers) “ in the fully softened and de-scaled condition.” 
The external diameter was 1} inch and the wall thickness 0-064 inch 
(16-gauge), giving an internal diameter of almost exactly 1 inch. As was 
to be expected, the surface of the piping remained unchanged throughout 
the tests. | re 


DiscuarGe Tests wirh BetimoutH A. 


The object of these tests was to determine the relation between the 
head H of water above the crest of the bellmouth, the discharge Q of 


202 BINNIE AND WRIGHT ON LABORATORY EXPERIMENTS 


water, and the discharge of air drawn down with the water. The pro-— 
cedure was to adjust the control-valve in the supply-pipe, and when — 
conditions had become steady to measure simultaneously the three 
quantities mentioned above, Mr, A, M. Binnie (Joe, ett.) had shown that 
tests with progressively rising values of H yielded the same results as 
those with falling values, In the present series, therefore, all the obser- 


Fig. 4. 


Be.imourss A AnD B. 


“ 


yations were made with rising values only, Tests were carried out with 
the following seven varieties of tail-piece, each set up so that the vertical 
distance between the crest of the bellmouth and the centre of the pipe at 
the outlet was 5 feet :— 


(i) The tail-piece was a vertical pipe, unobstructed by an orifice-plate ; 
at the outlet : this arrangement will be referred to as the open vertical 
pipe. Mato ths or 
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(ii) The same, but with orifice-plate No. 1 fixed at the outlet. 
(iii) The same, but with orifice-plate No. 2 in position. 
(iv) A horizontal pipe 20 feet long was added, being connected to the 


cai Gath 


vertical pipe by a 90-degree bend of mean radius 3-15 inches ; this arrange- 
- ment will be referred to as the open horizontal pipe. 
Zs (v) The same, but with orifice-plate No. 1 fixed at the outlet. 
Zz Taste I.—Buttmourn A anD OpEN VERTICAL Pree. 
i 
a Water-flow, : : = 4.| Coefficient of 
we. Head, 7 Q:_ cubic Pere aA oS aed y3 discharge, c: | Coefficient of 
5 inches : inches per | Ser second. ator a foot-second | discharge, K. 
= 010 3-2 — _ _ 1-86 035 
ok 0-14 75 = = =— 2-78 0-52 
me 0-15 10-2 ne oe _ 3-22 0-60 
0-18 13-5 — -= se 3°35 0-63 
= 0-23 24-2 — _ - 3-95 0-74 
x 0-29 37-0 — a= —_ 4-26 0-80 
3 0-35 50-0 42-0 0-84 — 4-48 0-84. 
= 0-40 63-1 36-0 0-57 —_ 4-60 0-86 
na 0-42 69-4 32:5 0-47 — 4-65 0:87 
— 0-45 76-1 28-4 0-37 = 4-66 0:87 
5 0-46 79-4 26-2 0-33 = 4-67 0:87 
ze p 0-47 82-0 25:0 0-31 — 4-65 0:87 
4 0-49 88-6 21-2 0-24 — 4-70 0:88 
0-50 O11 19-6 0-22 — 4-72 0-88 
0-52 96-5 16-2 0-17 — 4-74 0-89 
0:55 104-3 10-6 0-10 —_— 4-75 0-89 
= 0-57 110-7 5-5 0-05 _— 4-78 0-89 
0-59 116-8 — oa — 4-76 0-89 
0-64 116-9 =_ = 15-0 = 2 
0-71 117-6 —_ == 15-1 <= — 
P 1-42 119-6 —= — 15:3 = — 
- 2-30 120-3 — — 15-2 — a 
; 2°80 121°5 — —_ 15:3 —— — 
3-74 122-4 — = 15:3 — == 
4-64 123-1 — =— 15:3 — = 


ee ee = 
Although the absolute accuracy of the readings does not justify its retention, the 
“decimal in the second column is recorded throughout in order to show small changes 
_ between successive observations. 


(vi) The same, but with orifice-plate No. 2 in position. 

: (vii) The same, but with the orifice-plate removed and the pipe-outlet 

~ connected to the suction side of a centrifugal pump. 

: Tests (i) and (iv) were the most important ; the results of the former 

"are given in Fig. 5 and Table I and those of the latter in Fig. 6 and Table H, 

_ whilst the Q-H curves for all seven tests are plotted together in Fig. 7. 

F The seven tests were made as follows :— 

(i) The test was commenced at zero head. Owing to the effects of — 
surface tension there was no discharge until the head was about 0-1 inch, 

when the water flowed steadily down in contact with the surfaces of the | 
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_ bellmouth and the pipe, leaving a central core of air. A small air-flow, 
_ due to surface friction, was observed ; but since this flow was found to be 
_ extremely sensitive to small variations of pressure in the bell, it was clearly 

_ of no importance, and therefore it was not measured. With higher heads 
a low, irregular gurgling noise was heard, accompanied by intermittent 
~ gulps. At a head of 0-35 inch the gurgling became regular, and the air- 
flow (with the pressure in the bell exactly atmospheric) was steady, 
attaining a value of 42-0 cubic inches per second, which was the maximum 

_ observed, both absolutely and relatively to the water-flow. Visual 
_ observation indicated that the noise was due to the rapid opening and 
_ shutting of the central air-hole at the base of the bellmouth. As the head 
_ rose further, the gurgling increased in pitch and the flow of air, although 
_ steady, decreased rapidly. At this stage it was essential to show that the 
_air-flow was not altered by undetectable variations in the back-pressure in 
_ the bell. Several tests were therefore carried out with the water-control- 


Taste I[.—BetimoutH A AND Open Horizontal Pir. 


x 
a 


2 : Water-flow, Q: 60 Mi: Coefficient of dis- Goefiicient.of dise 

fe Head, H : inches. cag ed yas we ts cue set Gane charge, K. 

os 0-22 18-7 — 3:45 0-65 

As 0-25 25-1 = 3-73 0-70 

Se 0-28 30-9 — 3-91 0-73 

fe 0-31 37-4 — 4-04 0-76 

x 0:33 43-7 — 4-18 0:78 

f 0-36 50-4 -: 4:27 0-80 
0:39 57-3 — 4:39 0-82 
0-40 60-0 —_— 4:43 0:83 

4 1-00 60-9 7-80 — — 

1-74 61-7 7-85 — — 
3°23 62-6 7-87 — — 


- valve untouched, and in each the head H, the water-flow Q, and the air- 
flow were measured while the back-pressure was varied between wide 
limits. It was found that the head and the water-flow remained constant. 
_ The variation in air-flow with back-pressure for two of these tests is plotted 
in Fig. 8, which indicates that the air-flow was comparatively insensitive 
to the back-pressure. The back-pressure could easily be maintained 
atmospheric within 2; inch of water; therefore it was concluded that the 
~ method was satisfactory over the noisy range. 

As the head increased further, the noise was progressively choked, until 
at H = 0-59 inch, the bellmouth began to fill, the air-flow and the accom- 
_ panying noise ceased, and the pipe was apparently running full. The 
corresponding flow of water was 116-8 cubic inches per second. These 
conditions were critical, since further rises of head caused only very slight 
increases in the water-flow. Therefore the values of H and Q stated above 
‘represent the critical head and the critical flow for this arrangement of | 
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bellmouth and tail-piece. The water in the partially-filled bellmout 
exhibited no sign of rotation about a vertical axis, and the violent surg 
illustrated in Mr. W. J. E. Binnie’s photographs 6 and 7 were not observ 

The slightest additional opening of the control-valve caused the bellmouth 
to be filled and completely submerged, whilst at the same time the head | 
increased in a marked manner. So far as this stage the surface of the} 
water in the tank remained entirely undisturbed, but when the bellmouth | 
was just awash small ripples were produced by the commotion over he | 
bellmouth. A further slight increase in water-flow caused the head to 
increase to a high value; even when the head was 4-64 inches the water- 
flow increased only to 123-1 cubic inches per second. On this stee 
rising portion of the curve the tests were extremely tedious. The smallest 
possible opening of the control-valve caused such a large increase in th 

head that the water-level in the tank did not become stationary until — 
after an hour or more. At heads just above the critical transient dimples 
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and vortexes formed above the bellmouth. Occasionally their restrictive 
action upon the water-flow caused a small rise in the head, which at this 
stage was so sensitive; but as their existence was brief, this effect yas 
not marked. At greater heads the water-surfaco was completely 1 
disturbed. . 

The pipe appeared to run full at high heads, and this is confirmed by an 
analysis of the tests. On this assumption the head on the bellmouth was. 
(H + 60) inches. This was dissipated partly in giving the water kinetic 
energy v2/2g and partly in overcoming the friction-loss of head, which can. 
be expressed as kv, v denoting the mean velocity of flow and g the 
acceleration due to gravity. The range of velocity to be considered is 
small, and therefore k may be regarded as constant. Hence v2 and there« 
fore Q° should vary as (H + 60). The values of Q/(H -+ 60)# are given 
in the fifth column of Table I, whence it will be apparent that the original 
assumption is justifiable for high heads. For heads only just above the 
critical there are apparently further losses, associated perhaps wi ho 
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wy 
| the marked curvature of the stream passing over the crest of the 
_ bellmouth. 
7 The different types of flow which occurred as the head rose from zero 
_ were photographed by the following means, The steel pipe was replaced 
by one of glass, and to this was fused a conical flask, off which the bottom 
~ had been cut, The resulting bellmouth was 6 inches deep, with a crest- 
_ diameter of 4 inches, and the overall height of the arrangement was 5 feet, 
as before, Unfortunately the joint could not be made regular, and thus 
_ the motion of the water in the pipe was somewhat disturbed and the line of 
_ vision distorted, The outbreak of war frustrated the project of using a 
 bellmouth made of “ Perspex”’, a transparent material which can be 
pa machined. A camera, directed vertically downwards, was fixed on a 
_ eross-bar near the edge of the tank A (Fig. 1), and beneath it a large flat 
"mirror was held submerged in the tank at an angle of 45 degrees to the 
horizontal, In this way, views of the bellmouth were recorded similar to 
- those which would be seen by an observer stationed with his eye under 
- water and looking horizontally. The photographs were obtained with 
bs exposures of s$q second. 
__ At a very low head the water flowed quietly down in contact with the 


slightly higher head the positive entrainment of air began, accompanied by 
deep gurgling, and the air travelled down the pipe in company with 
blocks of water. Observation with a stroboscope made the individual 
k bubbles clearly visible, but their sequence and shapes were irregular and 
the motion could not be brought apparently to rest by this method. Ata 
higher head the air-flow died away and at a still higher head the bellmouth 
- began to fill, A permanent high-head vortex occurred when (as described 
' later) the water in the tank A was artificially rotated, In the region where 
_ the pipe protruded below the base of the tank both air-bubbles andthe 
cores of permanent yvortexes were seen to have disintegrated. 
The values of the coefficient of discharge ¢, shown in the sixth column of 
~ Table I, were calculated in foot-second units from the customary formula 
Q = cLH?!2, where L denotes the length of the crest. At very small heads 
the coefficient. was low, being probably reduced by friction, but at higher 
heads it increased to a fairly steady value in the neighbourhood of 4-7, 
This formula, in which the value of ¢ depends upon the system of units 
d, may conveniently be replaced by Q = K[0-667(29)!LH3/2], where K 
the coefficient of discharge, a dimensionless number which is the same 
whatever consistent system of units is employed. The values of K are 
_ shown in the last column of Table I, The expression inside the square 
brackets above gives the ideal discharge for a straight weir with no end 
' contractions. It may be adopted as the best available standard by which 
udge performance, since in the existing state of knowledge the effect 
the radial nature of the flow cannot be calculated, This effect, which — 
| was investigated by Mr, H. J. F. Gourley, M, Inst, C.E.1, was probably — 


formed with some difficulty, and yielded the results shown in Table III. 
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slight in the Authors’ experiments, as the ratio of head to crest diameter 
was so small. 
(ii) Orifice plate No. 1 was inserted at the pipe-outlet, and the test was 
repeated. As before, there was at first a quiet stage accompanied by an 
unimportant air-flow ; when regular gurgling commenced, the air-flow at 
once attained its maximum value of 27-3 cubic inches per second. As the 
head increased, the noise became louder and of higher pitch, dying away — 
towards the critical head of 0-49 inch when the flow was 88-4 cubic a 
per second. Up to this point the Q — H relation was almost the same as 
that in test (i); beyond it the head rose sharply, as illustrated in Fig. 7. 
Even at a head of 5-2 inches the water-flow increased only to 93-7 cubic — 
inches per second. Again, only transient dimples and vortexes were 
formed at heads above the critical, and even stirring the water failed to cause 
any sustained disturbance. 
(iii) With the smaller orifice, No. 2, in position a similar general sequence 
of occurrences was observed, but the air-flow throughout was too feeble to 
be worth recording. The critical head and flow were attained at 0-36 inch 
and 53-3 cubic inches per second respectively. 
(iv) After a length of 3-7 inches had been cut off the lower end of the 
vertical pipe, the bend and the 20-foot horizontal pipe were added, giving 
a vertical fall to the outlet equal to that in tests Nos. (i) to (iii). The 
effect of the horizontal pipe was similar to that of the orifice-plates in 
tests Nos. (ii) and (iii). The air-flow was negligible and the same Q-H- — 
curve was followed up to the respective critical values of 0-40 inch and — 
60-0 cubic inches per second. At high heads a tendency still existed for _ 
vortexes to form, but they were no more successful than before. 
(v) and (vi) The addition of the orifice-plates at the outlet further _ 
suppressed the flow, the critical heads being 0-38 inch and 0:32, inch and 
the critical flows 54-5 cubic inches and 41-7 cubic inches per second. 
(vii) For this group of tests the orifice-plate-holder was removed and 
the end of the horizontal pipe was attached to the suction side of a cen- 
trifugal pump. It was thus possible to observe the effect of a negative — 
pressure at the outlet of the pipe where hitherto the pressure had been — 
atmospheric or positive. The negative pressure was measured by 
mercury—water U-gauge, the readings of which could be varied by means 
of the outlet-valve on the pump. Since the action of the pump was dis- 
turbed by the passage of air, the tests were confined to heads at and above 
the critical. Three sets of tests at constant negative pressure were per- 


Fig. 7 shows that all of these critical values lay close to the Q—H-curve 
for the open vertical pipe, and the high-head portions of the curves are of 
similar forms to those resulting from tests Nos. (i)-(vi). At high heads 


1 “Rx ents on the Flow of Water over Sha: > ed Circular Wi " 
Minutes St Prbteoditinc Inst. C.E., vol. elxxxiv (1910-11, ), p. 297. om 
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only the usual feeble attempts to form vortexes were observed. Thus it 

appears that the effect of the pump was merely to overcome most of the 
additional resistance due to the horizontal pipe. 

The consistency of critical flows in the open vertical and horizontal 

__ tests is rendered evident by the following simple, but crude, analysis, in 

which inch-second units are employed. The friction loss of head in the 

pipe was flv2/2gm, where m denotes the hydraulic mean depth, v the mean 

' velocity of flow, and J the length of the pipe, and f is the dimensionless 


Tas_eE III. 


A a 


Negative pressure : . <a Critical flow: 
y Test. iehes a Saari bg Critical head_: inch. — meth ee 
———— ee 
—.. a 91 0-55 ‘ 99-9 
% b 110 0-57 106-9 
c 115 0-58 110-0 
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% friction coefficient. In both tests the effective head was 60. Then, if 
the small loss in the bellmouth is neglected, fis given by 


eel (ee 1 
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_ Since the pipe was 1 inch in diameter, m = 0:25, the flow Q = 70/4, and 
(1) becomes ; 


fir-= 0-25(28610/92—1) 2 =. sore > Q) 


For the open vertical pipe Q@ = 116-8 and 1 = 52-8, giving f = 0-0052. 
For the open horizontal pipe Q = 60-0, and / = 314-1, made up as follows : 
vertical and horizontal portions of lengths 54:3 and 240, respectively, 
connected by the 90-degree bend, for which an allowance has been made of 
19-8, four times its length measured along its curved centre-line. These 
values, when inserted in (2), give f = 0-0056. These results are satisfactory 
_ when it is recalled that in turbulent flow the value of f falls as the velocity 
increases. No published values of f for stainless-steel pipes have been 
traced by the Authors ; but comparison may be made with the experiments 
of Sir Thomas Stanton and Mr. J. R. Pannell? on smooth brass pipes. 
The test on the open vertical pipe was conducted with water at a tem- 
perature of 13°C., and the Reynolds number was about 80,000: the 
corresponding values for the other test were 10° C. and 38,000. For these 
Reynolds numbers the Stanton curve gives 0-0047 and 0-0056 respectively 
=. for f. 
| are foregoing results suggest that the complete head-discharge 
diagram for a bellmouth and tailpiece can be predicted with some con- — 
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: 1 “ Similarity of Motion in Relation to the Surface Friction of Fluids.” _ Phil. 
Trans. Roy. Soc., vol. A.214, p. 199 (1914). 


}/ 


Had it been possible to fit a very capacious tail-piece, the flat portion of 


_ up to the correct level in the tank by the addition of a further length 
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fidence so long as vortexes are absent, provided that the following two” 
sources of information are available :— 

(a) The head-discharge relation for the bellmouth and tail-piece m' 
be known, giving the steeply-rising portion of the diagram. Doubtl 
this would usually be calculated by a method similar to that indicated 
the preceding paragraph. 

(b) The head-discharge curve for the bellmouth must be determin 
experimentally. Any convenient tail-piece may be fitted, provided tha 
its vertical fall is sufficient to ensure that the critical flow in the arrange- 
ment is greater than the discharges given by curve a. 

The intersection of curves a and } determines the critical flow and head, 
and their combination gives the complete diagram which is required. 

In all the tests under review the action of the bellmouth as a weir was 
terminated by the inability of the tail-piece to discharge more water. 
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RATIO OF AIR-FLOW TO WATER-FLOWR. 
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AIR-FLOW: CUBIC INCHES PER SECOND. 


WATER-FLOW, @ : CUBIC INCHES PER SECOND. 


the Q-H curve would have been extended until the flow was sufficient to 
fill the bellmouth ; at still higher heads the bellmouth would become a 
nozzle, and the flow would be approximately proportional to (H -+ Z)# 
instead of to H3/2 ; Z denotes the height of the bellmouth. Thus eventually 
the curve would become much steeper. a. 


Discuarce Tests with Bettmours B. . 
Bellmouth B was inserted into the apparatus, and its crest was brought 


of vertical pipe. Seven tests similar to those made with bellmouth A 
were carried out after the validity of the air-measurements had been 
checked as before. The results for the open vertical pipe are given in 
Table IV and Fig. 9, and those for the open horizontal pipe in Table V and 
Fig. 10, All the Q-H-curves are plotted together in Fig. 11, from which 
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Be so 


it is evident that again the steep positions of the curves spring upwards 


(%. 
_ from acommon base. In general the behaviour of the two bellmouths was 
4 
= Taste IV.—BettmourH B anp Open VERTICAL Pipe. 
a 
se Water-flow,| airflow: R= Q/(60-+ HB)? Coefficient of 
4 vaes a She 2 5 cable cubic inches| _Air-flow | inch-second| ‘ischarge, ¢: | Coefficient of 
4 4 ine es. od per second. Sayin Pye anita. smth al discharge, K, 
74 SY 1 — 
ie 0-22 15-6 — — — 2-79 0-52 
» 0-26 19-2 a. = a 2-71 0-51 
Ze. 0°31 27-9 — | o- -- 2-91 0-54 
% 0:36 33°9 35-9 1-06 — 2-92 0:55 
a 0-40 39°8 36-0 0:90 = 2-91 0-54 
ue 0-44 46-7 36-0 0:77 —— 2-96 55 
0-51 60-0 33-0 0:55 = 8-02 0-56 
0-58 73:2 27-5 0:38 a= 8-06 0-57 
0-64 86-5 20-1 0:23 — 8-10 0-58 
0-71 101-6 10-1 0-10 — 3-14 0-59 
0-72 105-3 8-6 0:08 -— 3-17 0-59 
0-73 107-5 6-2 0:06 — 3-16 0-59 
Mee) Pb bc | ey 
or  ¢ ° . pa e253 — 3-1 5) 
Z- 0-77} -- 114-6 —_— - _ —_— 3-15 0:59 
i 0-87 115-8 — _ 14:8 = = 
Bee W:52 cshr 1162 _ — 14:8 — = 
RIB Wie — — 14-9 — — 
eal 118-1 a — 15-0 — = 
2-5) {= 118-1 = — 14-9 — = 
PBlQes}: L185: — —_ . 149 = —_ 
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same, the most notable differences observed being as follows. With the 
en vertical pipe the maximum air flow was 36-0 cubic inches per second, 
again occurred at a low head, when gurgling first became regular. This 


a # 


/ 


212 BINNIE AND WRIGHT ON LABORATORY EXPERIMENTS 


maximum was smaller than before, the reduction doubtless being due to the 
fact that in bellmouth B, which was shallower, the water reached the base 

of the bellmouth with a lower velocity ; it was at this point that the air 
was entrained. When the head rose further, the noise was rather loud 
than with the other bellmouth; and at a head of 0-71 inch, when the “| 


TABLE V.—BELLMouTH B anp OpeN Horizontal PIPE. 


Water-flow,| airflow: R= Qi(60+ Ht .| Coefficient of 
Oi ctrle | cubic inches| Air-flow__ | fnch-second| Vsctereond 
per second. | water-flow units. mits. 
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flow had decreased to 10-1 cubic inches per second, erratic periods 0: 
irrotational surging caused the surface to rise half-way up the bellmouth, — 
and then run out. The coefficient of discharge was much smaller, and — 
even at the higher heads, just below the critical, did not exceed 3-2 _ 
foot-second units. This result is further discussed on p. 218, post...Critical 


HEAD, #7: INCHES. 


so 
WATER-FLOW,Q : CUBIC INCHES PER SECOND, 


conditions were attained when the head was 0-77 inch and the flow was” 
114-6 cubic inches per second, in comparison with 0-59 inch and 1168 
cubic inches per second respectively for bellmouth A. Thus the shape of 
the bellmouth had a marked effect upon the critical head but not upon 
the critical flow. Bellmouth B, with its additional length of vertical pipe, 
offered slightly more frictional resistance than bellmouth A—which explains 
the very small reduction in the critical flow. Transient vortexes were now 
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more common and sustained. Under the very sensitive conditions which 
prevailed when the bellmouth was standing half-full, an occasional brief 
vortex was seen, and all the subsequent high-head readings were rendered 
rather inaccurate by the frequent formation of vortexes, which sometimes 
persisted for 5 or 6 seconds. These disturbances caused slight reductions 
in the discharge, which were immediately indicated by small rises of the 
water-surface in the tank ; but the tendency for vortexes to form dimin- 
ished as the head increased. Throughout the remaining tests, in which 
the velocities were lower, these effects were not so marked. 

With the open horizontal pipe the critical head and flow were 0-49 inch 
_and 59-0 cubic inches per second respectively ; the corresponding quan- 
_ tities for the other bellmouth were 0-40 inch and 60:0 cubic inches per 

second respectively. These values confirm the results reported in the 
"previous paragraph, namely, an increase in the critical head and a slight 
__ decrease in the critical flow. 

The tests with the centrifugal pump in position were unsatisfactory, as 
the transient vortexes introduced air into the pump and upset its action. 
It was found possible, however, to obtain readings at the critical head for 
_ five different negative pressures, and the results (as before) lay nearly on 
__ the Q-H-curve for the open vertical pipe. 


- 


THE PRESssURE-DISTRIBUTION IN THE BELLMOUTHS. 
In order to verify the assertion made on p. 201, ante, that at high heads 
_ the generation of low pressures near the water surface was theoretically 
~ more probable in bellmouth B than in bellmouth A, the pressure-distribu- 
_ tion along the axes of the bellmouths was explored by means of the search- 
_ tube illustrated in Fig. 12. A vertical, graduated post was mounted on the 
cross-bar spanning the circular tank, and the upper part of the tube was 
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Fig. 12. 
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fixed to a slider on this post so that the tube (in a vertical position) was 
constrained to move on the bellmouth axis. As the flow at high heads was 
_ known to be very susceptible to disturbances, the lowest portion of the tube 
was made of brass piping only about 3% inch in external diameter. The 
rab was designed to read over a range extending into the pipe below the 
"base of each bellmouth, where its presence reduced the area available for 
ae only about 1 per cent. Its lower end was sealed, and, 7 inches 
above, two diametrically opposite pressure-tappings, 0-013 inch in diameter, 
were drilled normally in it. Its upper end was connected by rubber 
tubing to a U-gauge, and just before readings were taken, the search-tube 


ars 
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and its connexions were cleared of air by a stream of water introduced 
through a T-piece at the highest point of the rubber tubing. In order to 
determine the relative positions of the pressure-tappings and the crest of 
the bellmouth, a bar of known thickness was laid temporarily across the 
crest. The search-tube was lowered until its lower shoulder rested on this 
bar, and the scale on the vertical post was then read. . 
A typical set of observations for bellmouth A with the open vertical 
pipe is represented by the broken curve in Fig. 13. Small variations in 
the head occurred while the readings were being made, and these are 


Fig. 13. 


Limits of variations 
of surface. 


PRESSURE RELATIVE TO ATMOSPHERE: 
INCHES OF WATER. 


of 


_ indicated to scale at the top of the diagram, The full line shows the 
_ theoretical pressure-distribution, calculated by the following approximate 
method, For a stream-line passing without friction down the bellmouth 
and pipe, the constant in Bernouilli’s equation is (1 +- H), where H has its 
previous significance, | denotes the overall height of the helimaushaail 
pipe, and the datum is taken at the pipe-outlet, Then the pressure head | b 
at a cross-section of the bellmouth or pipe at a distance z above the pipe-_ 


outlet is given by ; 7 
. h+v/%+2=14+H é . Pee weed 


te 


‘a 


_ where » denotes the velocity of the stream-line. If the flow Q be taken 
as equal to vA (where A denotes the area of the cross-section under con- 
_ sideration), equation (3) becomes 


a . h=1+H—2z—Q2/2gA2 -. 2 2... (4) 


ne By the insertion into this equation of the observed values of Q and mean H 
_ the plotted theoretical curve was derived. The method is not rigorous ; 
_ the allowance for friction is inaccurate, no account is taken of the varia- 
_ tion of velocity over a cross-section, and the fact that in the bellmouth the 
Velocity had both vertical and horizontal components has been ignored. 
_ However, the agreement between the two curves is good except below the 
bottom of the bellmouth. 

A similar pair of curves for bellmouth B (operating at nearly the same 
head as before) is plotted in Fig. 14, where the same discrepancy near the 
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Fig. 14. 


_ Limits of variations 
of surface. 
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bellmouth. 


HEIGHT RELATIVE TO CREST 
OF BELLMOUTH: INCHES. 
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bottom of the bellmouth is noticeable. Just below the crest an additional 
- difference occurs, which may be attributed to the small slope of the bell- 
‘mouth wall in this region. .A comparison of Figs. 13 and 14 demonstrates 
that, whereas in the former a negative pressure does not develop until a 
depth of 6} inches below the crest is attained, in the latter the corre- 
sponding depth is little more than 1 inch. This result explains the 
_ Superiority, so far as vortexes are concerned, of bellmouth A over bell- 
- mouth B. 


. Tar Errects or TANGENTIAL Vunoorry in THE Warer-Surrty. 

‘Under the ideal conditions that prevailed no rotational surging in the 
rtly-filledbellmouth and no permanent vortexes at higher heads were 
sbserved. Disturbances of these types were depicted in Mr. W. J.B. — 
Binnie’s photograph No. 5 and Mr. G. M. Binnie’s Fig. 6, and it seemed. 
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probable that they were due to an unavoidable tangential component in th 
velocity of approach. In order to elucidate this problem, a moderate degree 
of swirl in the tank A (Fig. 1) was introduced by laying six bricks o 
their sides equidistant on the bottom of the tank in the annular space 
between the edge of the disk E and the wall of the tank. With this 
arrangement bellmouth B, with the open vertical pipe, was tested in the 
customary manner. 
The effects of the swirl, which were very pronounced, are shown in 
Table VI and Fig. 15, which should be compared with Table IV and Fig. 9. 
After the usual quiet period, the onset of the regular gurgling phase was 
accompanied by an exceptionally loud noise and a large and highly- 
irregular air-flow amounting to 39-6 cubic inches per second. This was 


Fig. 15. 
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AIR-FLOW: CUBIC INCHES PER SECOND. 


RATIO OF AIR-FLOW TO WATER-FLOW.A. 


WATER-FLOW, Q : CUEIC INCHES PER SECOND, 


determined with difficulty ; indeed during much of this test the necessary 
measurements could not be effected with the precision possible in the 
remainder of the work. As the head rose the air-flow became more normal, — 
and the coefficients of discharge were almost as before. When the head 
was only 0:65 inch it was apparent that critical conditions had been 
nearly attained. Probably this was due to the fact that the water, rotating 
about a vertical axis as it fell down the bellmouth, was more easily able t > 
fill-in the base. Splashing occurred at the base, and intermittently the 
bellmouth was half-flooded, the surface in it being disturbed by a vortex. 
At a head of 0-66 inch, when the water-flow was 90-7 cubic inches per 
second, the flooding extended to the crest, and critical conditions were thus 
attained at rather lower values than before. At heads above the critical 
a permanent vortex was formed, and this prevented the usual sequence 
of observations. The water-flow was therefore reduced slightly, and 
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_ fairly steady readings were obtained at a head of 2-11 inches. Measure- 
ments were then taken up to a head of 3-52 inches, this portion of the 
Q-H-curve being less steep than before. Throughout the critical and high- 

_ head stages it was found possible to determine the air-flow caused by the 
_ vortex. The vortex, although noisy and apparently powerful, entrained 
only a small volume of air in comparison with that observed under low- 
head conditions. The sustained vortex did not finally disappear until the 

_ head had been raised to nearly 14 inches, when the surface in the tank 

_ remained undisturbed except for occasional transient vortexes which had 
a life of only 3 or 4 seconds. Thus the principal effects of the initial swirl 
_ were to reduce the critical flow by 21 per cent., and to cause general 


— Taste VI.—Betimouta B anp OPEN VERTICAL PIPE witH ROTATION OF THE 


os WATER-SUPPLY. 

wi Water-flow, Q: ir- : R= oeffici 

i. - peat. : sh Hath pail reek Air-flow__ ciceauer é : ino of dis- 

E. “4 as persecond. | persecond. | water-flow  |foot-secondunits.} C@T8®, 4. 
0-29 23-8 — — 2-82 0-53 
0-33 29-8 — — 2:92 0-55 
0-37 36-2 39-6 1-09 2-92 0-55 

3 0-41 42-8 30-8 0:72 2:97 0-56 

0-44 47:8 30-5 0-64 2:97 0-56 
0-45 49-3 30-5 0-62 3:00 0-56 
0-52 60-8 30-6 0-50 3-01 0-56 
0-58 73-3 26-9 0-37 3:06 0-57 
0-65 87-8 19-0 0-22 3-11 0-58 
0-65 87-9 18-8 0-21 3-11 0-58 

a 0-66 90-7 15-8 0-17 3°12 0-58 

Ss 2-11 90-5 13-6 0-15 — — 

2-26, 91-5 13-0 0-14 ae = 

. 2-70 97-3 11-0 0-11 = — 

wy 3-52 102-5 76 0-07 — — 
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ry unsteadiness. It appears desirable in practice to site a bellmouth so that 
as far as possible the flow to it is radial, whilst the importance of the 
_ vortex-suppression arrangements, described by the earlier investigators 
4 cited, is evident. If model-experiments are carried out to test the per- 
_ formance of a proposed bellmouth, the model should include the channel 
_ through which the water flows to the bellmouth. It must, however, be 


_ borne in mind that at the comparatively low heads at which bellmouths 


usually operate, the effects of the initial swirl are not likely to be large. 
a ‘ 
a CoEFFICIENTS OF DISCHARGE. 


_ Bellmouth A was a replica of Mr. G. M. Binnie’s design No. 3, except 
that the cross-section of the crest was simplified to a semicircle. It:is 
therefore interesting to compare Tables I and II with his Table I [arrange- 
ment k], wherein the value of c increased from 2-90 at 3 feet head to~ 
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340 at 6-5 feet. The corresponding heads in the Authors’ experiments 
were 0-21 inch and 0:45 inch, for which the values of ¢ were 3-68 and 4-66 
respectively, Mr, G. M, Binnie’s results therefore showed a similar increase 
in c with increase in head, but they were on a lower scale throughow be 
Doubtless this divergency is due to the form of the crest. In his design 
No. 3 the crest sloped away inwards for some distance at only 1 in 8; hence 
the flow at the crest was impeded, In bellmouth A, on the other hand, 
the steep drop was almost immediate, whilst the shape of the approach 
side was good, No experiments with straight semicircular crests can be 
discovered for purposes of comparison, but Professor F. C, Lea, M. Inst, 
C.E.1, stated that Bazin, working with straight crests of sharp triangular 
form, found coefficients of discharge ranging up to 4-2. Thus the increase — 
to 4-7, obtained by the Authors, was not unexpected. } 

Bellmouth B, although more streamlined in profile, had a poor form 5 
just inside the crest, This was reflected in the coefficient of discharge, — 
which (as the head rose) increased fairly rapidly and then became steady — 
at only about 3-14. This bellmouth was similar to Mr. G. M. Binnie’s 
design No. 1, except that the 1-in-8 portion was extended slightly and the _ 
lip was omitted. His Table I [arrangement d] indicates corresponding 
values of c increasing from 2-74 at 5 feet head to 2-92 at 6-6 feet head. 

In its overall dimensions bellmouth B is of practicable shape, but the — 
foregoing results suggest that its performance at heads helow the critical _ 
would have been improved by the addition at its crest of a steep wall 
similar to the upper. part of bellmouth A, The interior profile would then _ 
be concave upwards near the top and convex upwards lower down. The — 
coefficient of discharge would be increased, whilst the critical flow would 
not be seriously diminished. 


a __...... ......-_ CONCLUSIONS. 


—~ 4 


The results of the experiments may be summarized as follows ;— 

(a) Whatever the arrangement of bellmouth and tail-piece that was 
tested with rising head under ideal conditions, there was at first a quiet 
stage with no important entrainment of air, This was followed by a 
noisy phase, when air in the form of bubbles was drawn down; but the 
air-flow diminished as the head inoreased further. Above a sharply- 
marked critical head, the bellmouth and pipe ran full and the water-flow 
_ Temained almost. constant at its critical value.. Below the critical head 
the bellmouth acted as a weir, and the water-flow was not reduced by the 
entrainment of air. : 
(5) At heads above the critical no permanent vortexes were formed. 
Transient vortexes were more common with bellmouth B (a shallow, 
ourved trumpet) than with bellmouth A (a deep cone). This result is 
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_ attributable to the large negative pressures generated in bellmouth B near 
— its crest (Figs. 13 and 14). 
__(¢) All of the critical heads and water-flows for the various tail-pieces 
attached to either bellmouth lay on the head-discharge curve obtained 
with the tail-piece that caused the greatest flow (Figs. 7 and 11). This 
~ result can be utilized when the discharge through a new tail-piece is to be 
_ predicted. 
__ (a) Owing to the better form of the crest, the coefficient of discharge of 
bellmouth A was considerably higher than that of bellmouth B. An 
_ improved and practicable form of bellmouth could, therefore, be designed, 
combining the upper part of the former with the lower part of the latter. 
____(é) When a small tangential velocity was imparted to the water entering 
_bellmouth B, the coefficients of discharge were practically unaltered, but 
” the critical head and flow were reduced considerably. At heads above the 
critical a permanent vortex was formed. 
____ It would be unwise to use the numerical results given in this Paper to 
_ predict the flow of air in the form of bubbles through a large bellmouth. 
The size of the bubbles is controlled by surface-tension—a factor which 
must be negligible if the principle of similarity is to be applied with 
_ confidence. 
ze In view of the uncertainty concerning the action of bellmouths, they 
_ have been designed in the past perhaps even more conservatively than is 
usual with flood-disposal works. Thus there is no case on record of a large 
_ bellmouth reaching the noisy stage. The Authors hope that engineers 
in charge of such devices will neglect no opportunity of adding to the scanty 
_ stock of existing information. A pool and weir should be built at the 
overflow outlet, and head-recorders should be installed both there and 
near the crest of the bellmouth. In the event of a catastrophic flood 
_ striking the reservoir when it was full, an attendant could start both 
_ instruments, and might also record his visual and aural observations of the 
_ bellmouth. 
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Paper No. 5252. 


“Notes on Determining the Stresses in the Guys of 
Guy-Supported Masts.” 


By Herpert Too.ey. 
(Ordered by the Council to be published in abstract form.) 


Tue chief object of the Paper is to describe a diagram by which stresses 
in guys and movements of the mast can be easily determined. i 
To construct the diagram (Fig. 1), a horizontal line AB is drawn, o 
which a scale of tensions is set out. The stretch of the guy under a tensio 
of, say, 7,500 Ib. is calculated, and from the 7,500-Ib. point B, BC is drawn 
vertically to represent this stretch to a large scale. AC is joined, and the 
vertical intercept between AB and AC at any point represents the stretch 
of the guy under the tension at that point. 
The component of the weight of a 1-foot length of the guy acting at 
right angles to its inclination is then calculated, and by means of the 
equation (1 — L) = L8p?/2T?, expressed in inches (where / denotes the curved 
length of the guy in feet, Z the span of the guy from the anchor to the 
connexion with the mast in feet, 7 the tension, in lb., and p the force, in 
lb., acting on the guy at right angles to its direction), the difference betweer 
the curved length of the guy and its span is found for various tensions. — 
These are set down on the appropriate tension-lines from AC, and a curve 
is drawn through the points thus obtained, this representing the case of a~ 
calm. Similar curves are drawn, taking into account the component of 
the wind force together with the component of the weight in the direction - 
at right angles to the inclination of the guy, for the windward, leeward, — 
and side guys. 
The difference in the tension between the windward and leeward guys ~ 
necessary to balance the wind-pressure upon the mast is ascertained, and a 
line ab is drawn upon a piece of tracing-paper to represent this tension- 
difference ; be is set up, and ad is set down, perpendicular to ab, to repre: 
sent the alterations of the spans of the windward and leeward guys respec- 
tively due to the allowed movement of the mast under wind-pressure. 
The tracing is now applied to the diagram, the point c being kept on 
the curve for the windward guy and the point d on that for the leeward 
guy, and is moved until the tension-line ab is horizontal; then this line 
cuts the first curve at the initial tension to which the guy should be se 
up; the point c on the windward-guy curve will give the tension of the 
windward guy, and the point d on the leeward-guy curve will give the 
tension of the leeward guy ; the tension of the side guy is read at the 
intersection of its curve with the horizontal line ab. 


-_ Oe oe — es Ma 


. 1 ne MS. and the illustrations may be seen in the Institution Library.—Sno. 
st. C.E. ; 
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In the Paper the problem is dealt with in detail and its application to 
both three-guyed and four-guyed masts is explained. Attention is directed 
to the necessity, especially in the case of three-guyed masts, of calculating 

_ the stresses and movements of the mast with the wind in other directions. 


< Fig. 1. 


* Tension in windward 
The diagram has been drawn for a four-guyed mast guy : 6,250 Ib. 


under the following conditions: — 


Wind in plane of one pair of guys. 
Wind-pressure at guy point : foo Ib. 

a Inclination of guys: 45 degrees. 

+, Initial span : 288 feet. 

Diameter of guy: 3} inch. 

Approximate weight per foot of each guy : 412 Ib. 
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The complication of stresses in the upper part of masts, which occurs when 
he wind moves the mast in one direction while the aerial pulls it in another, 
is discussed. The Author believes that this point has not been raised before. 


: ‘The Paper is accompanied by two sheets of drawings, from which the 
Figure in the text-has been prepared. ; 
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922 BOSTOCK ON REMODELLING OF THE ASSIUT BARRAGE, EGYPT. 


LATE CORRESPONDENCE 
ON PAPER PUBLISHED IN 
JUNE 1940 JOURNAL. 7 


Paper No. 5222. 


“Remodelling of the Assiut Barrage, Egypt.” 
By Joun Epwarp Bostock, 0.B.E., M. Inst. C.E. 


Correspondence. 


_ _Mr.1.G. Evans observed that, in relation to the injection of bituminous 
emulsion into the sand under the old barrage floor, Mr. W. J. E. Binnie, in — 
the Discussion 1 on the Paper, had asked whether any mechanical analyses | 
of the sand had been made, and the Author had replied that such analyses 
had been made, although the results were not then available. As he had 
also stated in his further reply 2? to the Discussion, that circumstances 
would probably render it impossible to obtain information from Egypt, 
Mr. Evans thought that it might be of interest to discuss an analysis of 
one sample of the sand from the barrage site which had been given 3 by 
Dr. J. P. Pfeiffer, of the Royal Dutch Shell Group, the inventors of the 
Shell impermeabilization process. . 

From the results of that analysis Fig. 6 had been plotted, indicating 
that the effective size of the sand (the Hazen 10-per-cent. effective size) — 
was 0-12 millimetre and that the coefficient of uniformity was 3-7. Those 
values indicated a medium-sized and moderately well graded sand, the 
porosity of which might be taken to be at least 25-30 per cent. The 
Author described the sand as fine and dense, with voids largely filled — 
with the fine Nile silt, and it was therefore apparent that a considerable 
variation occurred over the site, and that the sample analysed was 
probably coarser than the average. 

Dr. Pfeiffer had also given the mechanical analysis of a sand into which 

bituminous emulsion had been successfully injected in order to seal the 
bottom of a leaking foundation-pit in the Netherlands. That sand had 
an effective size of 0-12 millimetre and a coefficient of uniformity equal 
to 2-2, and was thus very similar to the Assiut sand. 


1 Journal Inst. 0.E., vol. 14 (1939-40), p. 337 (June 1940). © ‘ 

a “Atiens ne bes ecttinn 14 eget p. 578 (October 1940). 
7 ew Method of Impermeabilizing and Improving the Physical Properties of 
Pervious Subsoils by injecting Bituminous Emalsions.”” Proc. Tht. Cont on Ball 
Mechanics and Foundation Engineering, 1936, vol. i, Paper M-1, p. 263. . 
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Mr. Evans considered that the failure of the cement grout to permeate 
the sand in the original experiments at the barrage confirmed Professor 
‘Terzaghi’s observations 1 that cement grouting could not be successfully 
used in compact sands with an effective size of less than 1-4 millimetre, 

or in loose sands with an effective size of 0-5 millimetre. The sand at 
_Assiut was considerably finer than either of those limits given by Terzaghi, 
even for the loose sand. 

The Author, in reply, said that the remarks of Mr. I. G. Evans were 


PERCENTAGE BY WEIGHT OF PARTICLES FINER THAN @ 


_ of interest. No details could be given of the mechanical analyses of the 


_ limited staff which was more than fully occupied during a condensed and 
x busy construction season. Generally, however, Mr. Evans’s remarks 


“a 


Dore out the results found in actual practice. 


cy, 

. Proc. Int. Conf. on Soil Mechanics and Foundation Engineering, Cambridge, 
" Mass., 1936, vol. iii, Paper M-6, p. 180, ; 
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OBITUARY. 


SIR CHARLES LANGBRIDGE MORGAN, C.B.E., was born at 
Worcester on the Ist January, 1855, and died at Hove, Sussex, on the 9th 
November, 1940. He was educated at private schools in Australia and 
England, and in 1870 commenced his engineering pupilage under Mr. — 
Edward Wilson, and from 1877 to 1883 he was engaged as chief engineering - 
assistant to Messrs. E. Wilson & Company, on contracts for railway 
construction in various parts of Great Britain. During that period he — 
acted as resident engineer on the construction of the Banbury and Chelten- 
ham Railway. In 1883 he was appointed assistant engineer on the 
Great Eastern Railway, and in 1896 became chief engineer of the London, 
Brighton and South Coast Railway and of the Newhaven Harbour 
Company. He was responsible for numerous engineering improvements 
on the system, including the construction of the line from Stoats Nest to_ 
Earlswood, which provided a route to Brighton independent of the South — 
Eastern Railway, and the complete reconstruction of the Brighton 
Company’s side of Victoria station, London. On his retirement in 1917, 
he was elected a director of the Company, and when the Brighton and 
South Eastern Companies were merged by the Railways Act of 1921 into — 
the Southern Railway he became a member of the board of directors. 
During the Great War he served as a lieutenant-colonel in the Royal 
Engineers (T.), and undertook a mission on special engineering duties for 
the War Office in Italy and France. Later he became a member of the 
Disposals Board, and he was also a Commissioner of the Newhaven and 
Seaford Sea Defences. He was appointed a Commander of the Order of 
the British Empire in 1918, and was created a knight in 1923. 
Sir Charles was elected an Associate Member of The Institution on 
the 9th January, 1883, and was transferred to the class of Member on the 
30th April, 1889. He served on the Council from November 1912, became 
a Vice-President in November 1919, and was President of The Institution 
in the Session of 1923-24. ; 
He married, in 1883, Mary, daughter of Mr. William Watkins, and had 
two sons and two daughters. 


EDWARD WYNDHAM MONKHOUSE, M.V.O., was born on the 
7th November, 1865, and died at Bromley, Kent, on the 21st November, 
1940. He was educated at Wellington College and at Trinity College, 


VA 
, 
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_ Cambridge, and after graduation as M.A., served as an improver in the 
shipbuilding and engineering yard of Mr. F. B. Shuttleworth, at Erith, 
in 1888 and part of 1889. After a brief engagement with the Maxim- 
Nordenfelt Gun Company, he joined Messrs. Nicholson and Jennings, 
_ electrical engineers, of Westminster, for whom hé erected the electric 
lighting plant, including engines and boilers, at the Jamaica Exhibition. 
In September 1891 he was engaged by the Westminster Electric Supply 
Corporation, and was promoted to superintendent of mains in May 1892. 
_ In April 1894 he was appointed resident electrical engineer to the Corpora- 
"2 tion of Edinburgh, where he remained until April 1896. In October 
1896, with Mr. H. R. J. Burstall, M. Inst. C.E., he founded the firm of 
 Burstall and Monkhouse, who acted as condultants for the Metropolitan 
“ _ Asylums Board, and for various municipalities, in connexion with electric 
heating, lighting, and traction undertakings. They were also consulted 
by Sir Basil Mott on the choice of the system of ventilation for the Mersey 
Tunnel, and were the consulting engineers for the King’s private residences 
$ at Balmoral and Sandringham, at both of which they were responsible for 
a great deal of work. In 1933 Mr. Monkhouse was made a Member of the 
PBoyal Victorian Order. 
___. Mr. Monkhouse was elected an Associate Member of The Institution on 
the 22nd May, 1894, and was transferred to the class of Member on the 
ae 12th December, 1899. In November 1928 he became an Auditor of The 
: Institution, and retained that office until his death. He delivered Institu- 
tion Lectures to Students in 1913, on ‘‘ The Testing of Materials for Use 
in Engineering Construction,” and in 1921, on “ The Economic Aspects of 
_ Various Methods of Power Transmission ”’ ; and he also presented to The 
: Institution a Paper on “ Transmission and Distribution by Single- -Phase 
_ Alternating Current.” 
He leaves three sons. 


eS 


1 Minutes of Proceedings Inst. C-E. vol. cliv (Supp.) (1902-3) Part iv, p. 171. 
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_ section to be built in selected materials may often be reduced, the remainder 
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ABSTRACTS OF THE CURRENT TECHNICAL 
LITERATURE OF ENGINEERING AND 
APPLIED SCIENCE. 


ENGINEERING CONSTRUCTION. 


Advantages of the Tacheometer for Overhead Transmission-Line 
Surveys. Joun McCompe (*Elect. Times, 98, 277-279 ; 24 Oct. 1940)—_ 
The Author observes that in the surveying of high-voltage overhead-line | 


the intermediate poles, masts, and towers are not subjected to side thrusts 
necessitating stays. He considers that the tacheometer method of sur-_ 
veying such routes has many advantages over other methods employing 

an independent theodolite and level in conjunction with a chain. The 
most important of these advantages is that the field work is much faster; 
the chaining of the route is eliminated, whilst the levelling-speed is increased _ 
considerably, because the stadia theodolite (tacheometer) has a range of — 
sight of the order of 700 feet and the reading can be taken with the telescope 
at any vertical angle. In favourable conditions a maximum of four 
settings of the instrument per mile is required. Another important factor 
is that the true line is always maintained. The Author discusses the 
principle of the stadia method and gives an illustrative example; he also — 
deals with the reduction of levels and reproduces a form of field note-book 
which he has found to be satisfactory. 


Fitting Rolled Earth Dams to Local Materials. B. K. Hoven, jun. 
(*Civ. Engng., N.Y., 10, 689-692 ; Nov. 1940).—The Author contends that | 
conventional roll-filled earth-dam sections often do not make the most _ 
effective use of the material available, and that the design of the dam 
section should be chosen so that the material nearest to the site may be 
utilized in constructing the dam. He suggests that the dimensions of the 


of the embankment being a ‘“‘ random” section in unselected material. 
A typical seepage flow-net superimposed on a standard section shows that 
the upper two-thirds of the downstream shell is ineffective for drainage 
purposes and could therefore be replaced by a “random” section. The 

Nores.—An asterisk prefixed to a reference, thus *Zlect. Times, denotes that the 
article is illustrated. oT 


The abbreviated titles of periodicals are those used in the “ World List of Scientific 
Periodicals” (Oxford, 1934). ntl 
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_ size of the impervious core may be reduced considerably by inclining it so 

_ that the seepage-force vector is caused to intersect the base within the 
middle third. By increasing the slope at the top of the upstream face and 
constructing the upper part of the upstream shell in very pervious material, 
waves are induced to drive directly into the shell section instead of riding 
up the face and over the top of the dam. This action is facilitated by con- 
_ necting the downstream drainage system across the top of the core to the 
upstream shell; thus excess surges are carried off through the drains 
- and discharged downstream. Model-experiments have indicated that 
‘interior-drainage-type dams provide greatly increased stability against 
wave-wash, in comparison with the standard dam. 


A 


‘ 


Cavitation in the Outlet Conduits of High Dams. H. A. Tuomas 
and KE. P. Scnuteen (*Proc. Amer. Soc. Civ. Engrs., 66, 1623-1658 ; 
_ Nov. 1940).—Following reports of severe damage, caused through cavita- 
tion, to the concrete surfaces of the outlet conduits of the Madden dam, in 
the Panama canal zone, model tests were made to investigate the possibility 
of similar damage to the conduits of the Tygart river dam, near Grafton, 
‘West Virginia, which were to be identical in cross section with those of 
the Madden dam, and to differ only slightly in entrance curvature. Descrip- 
_ tions are given of two types of testing apparatus which were developed, and 
- the hydraulic theory involved is discussed. Cavitation studies made on 
~ models of the conduit entrances at the Madden dam, and on models of the 


outlet conduits of the Tygart, Bluestone, Redbank Creek, and Hiwassee 
4 dams, are referred to, and the apparatus used is described. Detailed 
; results are not given in the Paper, which is a condensed version of the 
: original manuscript, on file in the Engineering Societies Library, New 
= York. 

“ 

a 


Reconstruction of Approach Spans, Grafton Bridge, Auckland, New 
Zealand. A. J. Dickson (*Proc. N.Z. Instn. Engrs., 26, 32-54; 
 1940).—When it became apparent that action was necessary in regard to 

the approach spans of this long reinforced-concrete arch bridge, which had 
“been opened for traffic in- 1910, the difficulties assumed considerable pro- 
_ portions, and the line of action was decided upon only after careful examina- 
tion and study. The main span consists of a 320-foot three-hinged arch of 
two parallel ribs. All the approach spans consisted of three parallel 
_ straight girders, the shortest three being of solid rectangular design and the 
longest six being of the Vierendeel type ; those with which the Paper deals 
“were 9 feet deep by 15 inches wide. Cracks appeared in these Vierendeel 
girders almost from the beginning, and were most prominent on either side 
of the central pier of the two-span arrangement. In February 1936 a — 
considerable piece of concrete fell away from the bottom chord of a girder, “ 
- and approximate estimations showed that very high shear stresses existed. 


1 
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commenced in 1936 and was completed in 1938, at a cost of about £21,800. 


An Investigation of Steel Rigid Frames. Ince LysE and W. H. 
Brack (*Proc. Amer. Soc. Civ. Engrs., 66, 1571-1601 ; Nov. 1940).—The — 
Authors present a detailed description of tests made on two riveted steel — 
rigid-frame models (scale 4:1), in one of which the knee sections were 
approximately square, with a sharp re-entrant angle at the inner corner, _ 
whilst the other had a large circular fillet at the inside corner of the knee. 
The frames were tested chiefly as two-hinged structures under working 
loads. The properties of the steel are tabulated, and the results are 
presented in Tables and curves. The Authors discuss the general behaviour _ 
of the frames and make recommendations for the design of frames with 
square and with curved knees; their more important conclusions are 
summarized under twelve headings. 


A Frameless Cellular Engineering Shop. Lore, Hyter (*Engng. 
News-Rec., 125, 214-218 ; 10 Oct. 1940).—The R. G. Le Tourneau organiza- — 
tion, of Peoria, Illinois, have added a ?-acre shop to their plant. For speed 
of erection, economy, and adaptation to fabrication processes, the building 
was constructed in pressed steel units joined by electric arc-welding. The 
flat roof, supported by pipe columns spaced 40 feet apart each way, con- 
sists of cellular panels in 12-gauge copper-bearing steel 18 inches deep. | 
The walls are constructed with similar panels 6 inches thick. The dimen- 
sions of both wall and roof panels are 4 feet by 8 feet. Details of the panels © 
and bracing bars are given and the assembly of the cellular unit is described. — 
The columns, through which pass electric supply wires and pipes for | 
water, compressed air, oxygen, and gas, are carried down to the floor; 
they consist of lengths of 18-inch steel pipe with encircling bands welded on - 
to form upper and lower bearings for jib cranes. The construction of the 
foundations and the erection of the steel units are described. a 


Coast Erosion and Measures desirable for the Prevention of Damage 
_ caused thereby ; and the Drainage of Low-lying Lands. T. B. 
- Knay (*J. Instn. Mun. & Cy. Engrs., 67, 129-145 ; 5 Nov. 1940).—The 
Author discusses the various types of erosion, and their effects, and 
enumerates the measures desirable for the prevention of damage, bearing in - 
mind the importance of maintaining some travel of beach material in order 
that the shore to leeward shall not be deprived of its natural protection. 
He describes sea-walls, revetments and stockades, groynes, and cliff- 
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_ protection works. He observes that the drainage of low-lying lands, and 
_ their protection against floods, constitute a difficult problem. He reviews 
_ the main principles, and discusses methods of drainage, maintenance and 
_ flood-prevention, and drainage law. 


r 
_ Concrete Coating for Underground Piping. J. H. T. MoGux 
Gd. Amer. Waterw. Ass., 32, 1723-1731; Oct. 1940)—The town of 
_ Everglades, Florida, is built on soil that was pumped up from the tidal 
_ marshes and the bay ; this soil has a high acid-content and is of a texture 
_ which permits the small grains to set up actual batteries that generate an 
electric current and cause it to flow along pipes in a very irregular manner. 
__ When the current leaves the pipes, carrying the iron ions with it, iron is 
_ deposited in the soil, causing iron oxide, or rust, to form on the pipes. 
_ Numerous breakages occurred and inspection showed that the pipes had 
become very soft and highly pitted: the entire system of the town was 
_ affected, and immediate action was required to prevent disaster. Several 
~ methods of treatment were investigated, and the application of a cement 
coating was adopted because of the economy and the high corrosion- 
_ inhibiting qualities of the cement. The operations were so successful that 
- they have been adopted also at Hollywood, Fla., where a similar problem 
arose. The procedure is described in detail, and the cost at Everglades is 
_ stated to be about 40 cents per foot of pipe, inclusive of form work, labour, 
z 


_ materials, and the removal and replacement of soil, trees, etc. 


| Water Sterilization—the Choice of Method. Lt.-Col. E. F. W. 
- Mackenzin (Bull. Instn. Sanitary Engrs., 6, 131-146 ; Nov. 1940).—The . 
f Author observes that a widespread belief exists that the application of 
- chlorine in minimal doses will ensure the destruction of pathogenic organ- 
‘ isms; but practical experience and laboratory research indicate that, 
_ particularly in the case of waters having a considerable organic content, 
_ that is by no means true ; the addition of a chemical sterilizing agent may, 
_ therefore, engender a false sense of security, and unless its limitations are 
_ well appreciated, may lead to some relaxation in the precautions taken to 
_ protect the gathering-grounds or to conserve the purity of the water during 
_ its passage through the works. He describes the various processes available 
_ for the chemical protection of a water-supply, and discusses their respective 
_ advantages and disadvantages; they include simple chlorination ; 
-ammonia-chlorine treatment, or chloramination ; superchlorination 
followed by dechlorination; and ozonization. He expresses his firm 
conviction that the safety of water supplied for domestic consumption 
Bshould not depend upon final chemical treatment, but should be conserved 
by adequate protection of the sources from which the supply is derived ; 
_ but in a country so densely populated as England any such ideal is unlikely 
to be attained except in isolated localities. Therefore an increasing propor- 
tion of supplies depend for their safety upon chemical treatment, and the 
a 


ew 


~ rate of flow cut-off in relation to float travel. The float, more than 6 feet 
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water undertaking as a whole. 


Automatic Float Valves for Rangoon Water-Supply. (*Hngineer, 
170, 344-345; 29 Nov. 1940.)—The float-valve installation, which admits _ 
water to the high-level service reservoir at Kokine, Rangoon, is described, 
and illustrations of the general arrangement and float-valve details are 
reproduced. Each of the float valves is in the form of a standpipe in six 
sections bolted together, including a top float-chamber. The valves are of — 
the double-beat type, the cylindrical valve-beats having specially con- 
toured ports in their cylindrical surfaces, designed to give a favourable 


in diameter, is of the bell-type, open at the bottom, and obtains its buoy- 
ancy from air trapped within it. Adjustment of the valve is provided by 
means of compressed air pumped into, or exhausted from, the float-bell. 


MECHANICAL ENGINEERING. 


Burning Coke Breeze and Anthracite on Travelling-Grate Stokers. _ 
H. K. Mitier (Blast Furnace & Steel Plant, 28, 1002-1003 ; Oct. 1940) —_ 
The Author presents tabulated data in respect of the operation, during 
March, 1940, of the travelling grate stokers in the new central boiler plan’ 
of the Bethlehem Steel Company at Steelton, Pa., indicating an average — 
efficiency of 79-6 per cent. The stokers are used for firing anthracite _ 
screenings and coke breeze to supplement blast-furnace gas. A favourable 
circumstance was a consistently high operating rate and a steam-demand _ 
close to the plant’s capacity for most of the period ; nevertheless the result 
is regarded as very satisfactory, and is considered to be partly accounted 
for by the method employed in combining the three fuels and the efficient 
operation of automatic controls which regulate their consumption. The | 
new central plant replaces five smaller plants, some of which are retained 
for use in emergency. The total steam-production for the month was 
149,630,000 Ib., with an average load of 201,000 lb. per hour. Details are _ 
given of the plant—three bent-tube boilers each rated at 125,000 Ib. of 
steam per hour, operated at a pressure of 250 lb. per square inch and a 
temperature of 475° F. at the superheater outlet-—of the economisers, 
and of the furnaces, - 


The Development of the Kaplan Turbine. J. R. FinniEcome 
(*Engng., 150, 381-383 ; 15 Nov. 1940)—After a brief review of the 
evolution of the automatic adjustable-blade turbine devised by Professor 
Victor Kaplan in 1912, the Author presents a detailed tabular analysis of 
the characteristics of large propeller-type turbine installations in various 
countries. Both fixed-blade and adjustable-blade turbines are rep 3 
sented. Charts, for Pelton, Francis, and propeller-type turbines, have 
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- been prepared for the evaluation of the higher characteristic speed nuraber, 
Ps t 


s 


, where denotes turbine-speed, in revolutions per minute, 


_N the brake-horse-power, and H the effective head, in feet. The velocity- 
~ ratios and the annulus diameter ratio are plotted as functions of the charac- 
_ teristic speed number ; the annulus tip-diameter Dz is plotted as a function 
_ of the ratio of the volume Q to the turbine-speed n, and from these design- 
_ points a new formula has been derived for the economic tip-diameter : 


iD, =) / Q The Author refers to the two well-known formulas, of 
2 n 


: ~_ Moody and of Camerer, for determining the full-scale efficiency from experi- 
_ mental model-data, and points out that in all cases Moody’s formula gives 
higher full-scale efficiencies than Camerer’s formula. 


4 
— 
a 


4 Fuel Injection in Oil Engines. G. W. A. Green (*Proc. Instn. 
_ Mech. Engrs., 144, 2-20; Nov. 1940)—The Paper deals with the jerk- 
‘ pump fuel-injection system, principally from the viewpoint of fuel economy. 
_ The nozzle is considered as an orifice, and hole-type and pintle-type nozzles 
- are described. The differential needle-valve is discussed, reference being 

made to the design features necessary to ensure quick action of the valve. 
_ “Restricting ” or “ delay ’’-type nozzles are then considered. A descrip- 
_ tion is given of various types of delivery-valve of the pump, which are 

designed to allow a certain amount of return-flow of fuel from the delivery- 
pipe. The size of delivery-pipe is considered, and also the effects of pipe- 
surges and methods for minimizing them. The action of a pump-plunger 
and barrel of the ported type is considered in relation to its effect upon 

pump-output at varying speeds. A basis for the selection of injection 
equipment is suggested, and graphs, relating piston-swept volume to orifice- 
area and pump-plunger rate, are reproduced, on which are plotted experi- 
mental points for various types of combustion-chamber. The atomizer 
capacity is discussed, and the release and injection pressures are con- 
sidered. 


er 
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A Fundamental Development in Suspension and Construction for 
Railway Coaches. P. K. Beemer, F. C. Linpvatt, E. F. Stoner, and 
_W. E. Van Dorn (*Mech. Engng., N.Y., 62, 779-784; Nov. 1940).—A 
_ detailed description is given of experimental coaches intended to provide 
comfort at high speeds on ordinary track. The designs and their modi- 
fications adhere to a basic ideal mounting in which the coach is elastically 
supported at each end on a virtual universal centre bearing on the longi- 
Be sadinal centre-line above the centre of gravity of the coach-body, permitting 
_ sufficient universal swivel action of the bogie relative to the coach body for 
_ all operating conditions, whilst the springs co-operate with the positioning 
linkage to isolate vibration. The actual coach support, however, is at two 
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points on either side of the centre-line, with a third attachment between 
the bogie and the coach-body below the floor-level; consequently no 
objectionable interference with normal use of the interior of the coach is _ 
caused by the suspension. The desired motions are produced by flexure of 
the support system, suitably positioned and restrained. In road tests, at 
speeds ranging up to 100 miles per hour, these coaches exhibited much 
better riding qualities than older, heavy, coaches and than modern light _ 
coaches with conventional bogies. The Authors discuss the relative 
strength of conventional and “ stressed-skin ” coach-bodies as used in 
these experimental coaches, and emphasize the advantages of the latter — 
design. As a result of the success of the experimental train unit, three 
American railways have each contracted for a de-luxe type coach; these — 

three coaches are to be kept together in service for a test period. 


The Rebuilding of Old Machine Tools for the Requirements of War. 
G. ScHLESINGER (*J. Instn. Production Engrs., 19, 416-420 ; Oct. 1940).— 
The Author observes that the introduction of super-rapid tools in workshops _ 
is impeded mainly by the weakness of old machines which do not permit — 
the application of the high speeds necessary for the exploitation of modern _ 
tools and are not designed so that they can be run at high speeds without 
showing detrimental, or even dangerous, vibrations. He describes the _ 
successful rebuilding of a lathe more than 25 years old, of 22 inches swing, _ 
with a 4-horse-power cone pulley belt drive, and tabulates a comparison of — 
the former range of speeds with those of the rebuilt machine, which now _ 
works at the maximum speed of 500 revolutions per minute as smoothly asa _ 
modern machine and is very useful for super-rapid tools, stellite, and _ 
cemented carbides. The cost of rebuilding the machine (new gears, balanced 
cone pulley, tool-post, and improved lubrication and foundation) was about: 
£50 and the work was carried out in 6 weeks, whereas a new lathe of the 
same size would cost at least £1,000 and require a delivery-time of 40 weeks. 


Shot Moulding of Insulation. R. I. Martin (*Elect. Times, 98, 
309-310 ; 7 Nov. 1940).—The Author describes a method of moulding and 
pressing insulation parts for switchgear, transformers, and other electrical 

apparatus, wherein steel shot approximately 0-04 inch diameter is used to 
transmit both heat and mechanical pressure. The parts to be pressed aré 
covered with a protective material, such as rubber, to prevent adhesion of. 
_ the steel shot to the insulating material, and are then placed in a strong 
metal moulding-box, the space between the article and the sides of the box 
being filled with the hot steel shot. The moulding-box is then placed in an 
hydraulic press and pressure is applied to a plunger in the top of the box: 
the steel shot then transmits the pressure, almost as a fluid, to the article, 
and by this means every surface and irregularity receives the requi ed. 
pressure. — Descriptions are given of typical instances of the use of the 
method, including coverings for field coils on electric motors, exterior 
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re coverings for wooden airscrew-blades, and the moulding of a variety of 
hollow articles and of mouldings where the more important dimensions can 
_ be assured by means of a shaped metal part. 


— ; MINING ENGINEERING. 


2 A Graphical Method of adjusting Underground Traverses in Mine 
Surveys. W. H. Witson (*Bull. Instn. Min. Metall., 434, 8 pp. ; 
_ Nov. 1940)—The Author states that during the past year, in connexion 
_ with the adjustment of national triangulations, the Corpsof Royal Engineers 

has evolved accurate graphical methods of adjustment, the use of which 
_ has been developed to include the adjustment of topographical traverses : 

_ this graphical solution is eminently suitable for the adjustment of under- 
ground traverses. He describes the new method and illustrates its applica- 

tion to a traverse between two shafts. 

A Rock-burst at a Mysore Mine. F. C. Suarp (*Bull. Kolar Gold- 

_ field Mining & Metallurg. Soc., No. 47 ; 1939).—The Author reports upon 

a rock-burst of major violence which was experienced in India. He 

_ describes the system of working and the method of supporting the ground 

in the affected area. He states that the efficacy of arched steel rail sets 

_ in keeping communication ways open was demonstrated, and rendered it 
_ possible to rescue the entrapped men. As a result of these experiences 

_ steel rail supports have been adopted in all communication ways, and in 

small shafts. The sets, made of steel rails weighing 65 lb. per yard, are 

_ placed 3 ft. apart, connected with standard tie-rods and lagged with poles 

4 feet in length. 


Roof Action in Pillar Recovery with Mechanized Mining. Gh By 
_Sournwarp (*Min. Congr. J., 26, 60-61; Sept. 1940)—The Author 
discusses the reaction of the roof to mechanized room-and-pillar coal 
4 mining and seeks interpretations for certain facts observed by him during 
10 years’ experience. He states that more favourable roof action is 
obtained when recovering pillars rapidly with mechanized loaders and 
conveyors; since the time element is hardly the sole explanation, some 

form of internal pressure of the strata must be the cause. He cites two 
mines wherein for the past 10 years advantage has been taken of the 
_ release of stress in the roof, which is accelerated in mechanized room-and- 
_ Pillar mining. 


- The Scaling Bar, a Cause of Accidents. W. B. Paton (Canad. Min. 
J., 61, 598-600 ; Sept. 1940).—The Author points out the errors commonly 
Reade in wedging down loose stone from the roof. He considers that the 
scaling bar is quite unsuitable and even dangerous for preliminary roof 
testing as, except when held in a vertical position, the bar emits a metallic © 
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ring of its own which counteracts or obliterates any sound emitted frot 
the roof. He suggests various safety precautions, including a wa: 
against scaling from a confined place with no retreat ; scaling over a spo 
wagon or other major obstacle ; or scaling from an ‘unsuitable position. 


7 


Mine Ventilation with Conditioned Air. J. Spatpine (*Bull. Kolar 
Gold-field Mining & Metallurg. Soc., No. 46, pp. 24-70; 1939).—The 
Author states that rock temperatures in mines in the Kolar gold-field are 
much higher than those in other mines at similar depths. He describes a 
new system of air conditioning, and discusses the improvements effected in _ 
the efficiency of the labour as a result of the better conditions. He dis- 
cusses the problem of the supply of conditioned air to the bottom level of a 
deep mine and states that provision is also made for dealing with outbreaks _ 
of fire. The most satisfactory method evolved so far is the introduction of 
eucalyptus oil in the ventilation air. 


Atmospheric Conditions in Deep Mines. H. L. M. LarcomBeE 
(Mining Mag., 63, 130-138; Sept. 1940)—The Author discusses the 
manner in which the human body reacts to high temperatures, humidity, 
and air-motion, and gives limiting conditions for mining at great depth. 
He gives a Table showing the characteristics, particle sizes, and rate of 
deposition of air-borne dust. He enumerates the main sources of heat 
underground, and discusses the problem of heat-extraction and the cooling 
of mine air by refrigerants. He considers that the solution of the problem 
of air borne dust may be in a combination of dry drilling and the collection _ 


and filtration of the dust. A bibliography of the subject is appended to the | 
article. 


Mobile Winding Gear for Collieries. (*Oil Engine, 8, 124-127, 
Sept. 1940.)—In order to safeguard the men underground if a shaft winding 
installation should be damaged by enemy action, various groups of Eng ish 
collieries have arranged to procure and operate mobile winding equipment’ 
on a co-operative basis. A detailed description is given of a mobile plant 
mounted on a six-wheeled trailer, fitted with road and rail wheels, which is — 
intended to serve collieries in Nottingham and north-east Derbyshire, and 


the emergency action to be taken by the rescue organization in charge of 
the plant is indicated. 


Norr.—The Institution as a body is not responsible either for th he 


statements made, or for the opinions expressed, in the Papers and 
Abstracts published. 
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g Nore.—Pages [1] to [12] can be omitted when the Journal is bound in 
volume form, 


A NOTICES 


No. 3, 1940—41 
ra JANUARY, 1941 


MEETINGS, SESSION 1940-41. 


ORDINARY MEETINGS. 


‘The following subjects will be brought forward for discussion at 
~ Ordinary Meetings, on the dates shown below :— 


= 1941. 
_ Jan. 21.* «The Design of Sewage-Purification Works,’’ by H. C. White- 
- (1.30 p.m.) head, M. Inst. C.E. ; 


There will be a ballot for the election of new members. 


* An abstract of this Paper appeared at p. [13] of the December 
Journal. 


Feb. 18.** ‘‘ Further Data Concerning Pre-stressed Concrete: Comparison 
(1.30 p.m.) between Calculated Stresses and Stresses registered during 
Tests,’’ by T. J. Gueritte, B.Sc. (Jointly with the British Section 
of the Société des Ingénieurs Civils de France.) 


There will be a ballot for the election of new members. 
** An abstract of this Paper appears at p. [9], post. 


(Light refreshments will be served at 12.45 p.m., prior to the 
meetings.) 


above 


SPECIAL ANNOUNCEMENTS. 


7 AILITARY SERVICE. AIR MINISTRY. MINISTRY OF LABOUR 


Details of the following appear on pp. [2}-[4] respectively of the 
‘December, 1940, Number of the J ournal :— 
Vocational instruction for those temporaril 
(2). 

Registration in the Army Officers’. Emergency Reserve; special — 
enlistment in the Royal Engineers ; and entry into the ranks of the 


me - ~ 


y serving in H.M. Forces 


[2]- 

Royal Engineers under the National Service (Armed Forces) Act, 19% 
. [4]). 
“3 eek as technical (engineer) officers in the Royal Air Fo x 
Volunteer Reserve (p. [4]). 
An entry in the Ministry of Labour’s Schedule of Reserved Occupations | 

as affecting “‘ student engineering apprentices or learners ” who intend to 
sit for Sections A and B of the Associate Membership Examinations, 
together with information as to the procedure to be adopted by Corporate — 
Members of The Institution who are required to register at Local Employ- 
ment Exchanges when their age-groups are called up under the National 
Service (Armed Forces) Act, 1939 (p. [5]). 


ROYAL MARINE ENGINEERS. 


Corporate Members who desire to be considered for Commissions, for 
which there are a limited number of vacancies, in the Royal Marine 
Engineers, a Corps engaged on Admiralty works ashore, should at once 
notify the Central Register of the Ministry of Labour and National Service, 
41 Tothill Street, Westminster, S.W.1, quoting in their letters ‘‘ Ref. No 
E.64”’. 

Applicants must be about 33 to 40 years of age, and have had wide 
experience on actual constructional work—preferably on harbours, docks, 
and temporary structures. 


GENERAL ANNOUNCEMENTS. 


SUBSCRIPTIONS, 


Members and Students are reminded that subscriptions for 1941 are 
due on the Ist January, 1941. The present subscription rates are as_ 
shown below :— 


CLASS A. cams B. Crass C. 
| (London Area.) | Sritiak’ tee) | (Abroad.) 


nee Ree: £ a. 4d. £6. as 
Members . be Leon ied: At Tey ed ae i 4 4 0 3. 18. 6 
» (retired) . ras 3 138.6 + 126 2° 1S SG 
_ Associate Members HPT 8.18.6 2 i296 2 126 
. » » (retired) i 2 12 6 Re ea 2 See 
enoMateas Vy lhe, ae Le” Bod, «6 SiotOie 0 56 00 
Students . Nee Pe 2 6 OD Lo 0 2 1.10.10 

; - 


Owing to the increased cost of postage and need for economy in the 
use of paper, members are urged to make prompt payment of their sub- 
scriptions and so save the necessity of a further application. ‘ling 
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+ Attention is drawn to the fact that any contribution to the Benevolent 
_ Fund may be included in the cheque drawn in payment of the Institution 
~ subscription. 

ors : THE JOURNAL. 

~The next Number of the Journal will be published on the 15th February. 


ra The Council are prepared to receive short Communications of, say, 
000 words, accompanied by two or three illustrations, for inclusion in 
jhe Journal. Such Communications should be topical in character and 
ight deal, for example, with demolition and reconstruction problems, or 
ith minor constructional details, of a novel character, which would be of 


general interest to engineers. 


* 


“ INGENUITY ’’ COMPETITION. 


< _ Papers are invited from Corporate Members and Students in competi- 
on for a Prize of Twenty-five Guineas to be awarded by the Council for a 


- The article should not exceed 2,000 words, and must describe a specific 
problem involving immediate action and ingenuity displayed in meeting it. 
The problem must have arisen in the competitor’s own experience, and the 
action taken must have been to some extent—not necessarily wholly—his 
own idea. These facts must be vouched for in a satisfactory manner. 
The Papers should reach the Institution by the 30th April, 1941, with 
the MS. marked “‘ Ingenuity ” Competition in the top left-hand corner of 
the first page. 

The Council reserve the right to publish the winning entry, or any other 
selected entries, and should such entries relate to engineering problems 
arising out of the war, The Institution would submit them to the Censor 
for permission to publish. 


HONOURS. 


7 The Council have much pleasure in congratulating the following 


Military Cross. 
CarTMELL, Captain Harold Samuel, R.E. Associate Member. 
“ For gallant and distinguished service in action against the enemy.” 


EXAMINATIONS. 


MBERSHIP EXAMINATION AND NATIONAL SERVICE 
a cee (ARMED FORCES) ACT, 1939. 


The Council have authorized that the restriction requiring Students of 
e Institution to be more than 20 years of age before entry for Sections 
and B, or Section A only, of the Associate Membership Examination, 
may, in the discretion of the Education and Training Committee, be waived 


y/ 


The Institution entering for the Associate Membership Examination are 
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in cases as they arise, where it can be shown that preparation for the 
examination in those sections may be adversely affected by the National 
Service (Armed Forces) Act, 1939. } 

Students coming under this category who wish to take advantage of 
this concession should apply to the Secretary of The Institution for the 
requisite form of application, and refer to this notice. 


DATES FOR EXAMINATIONS TO BE HELD IN 1941. 


The Preliminary Examination has now been replaced by the Common | 
Preliminary Examination, which will be conducted by the Engineering | 
Joint Examination Board. 

The conditions of entry for this Examination, and the latest dates for | 
entry, will be the same as for the Preliminary Examination which it replaces, 

Further information may be obtained on application to the Secretary. 

The following dates have been fixed for the Examinations to be held in 
1941. 

Common Preliminary Examination. Associate Membership Examination. 


April the Ist to the 4th, inclusive. April the 21st to the 25th, inclusive. 
October the 7th to the 10th, inclusive. October the 13th to the 17th, inclusive 


The April, 1941, Examinations will be held in London and the Provinces, 
Intending candidates are reminded that applications to attend sho 
reach the Secretary’s hands by the 28th February and that Students of ' 


recommended to lodge their applications a fortnight before that date. 


ABSTRACTS, 


The publication of “ Engineering Abstracts” in sectional form wat 
suspended in September, 1939. A selection of brief Abstracts of important 
Papers and articles appearing in the home and foreign technical literature 
dealing with Engineering Construction, Mechanical Engineering, and 
Mining Engineering is now included in the Journal. 

Abstracts of the technical press on Shipbuilding and Marine Engineering 
(formerly Section 3 of “ Engineering Abstracts”) are compiled by the 
Institute of Marine Engineers, and members are able to obtain these at 
half the usual subscription rates. - 

_ Members are also able to obtain copies of “‘ Road Abstracts’, compile¢ 
by the Department of Scientific and Industrial Research and the Ministr 
of Transport, and issued by the Institution of Municipal and County 
Engineers ; of ‘‘ Building Science Abstracts ”’, compiled by the Buildin 
Research Station, Watford ; and of the “ Summary of Current Literature ” 
compiled by the Water Pollution Research Board, at the special rates 
detailed below, provided that the order is placed through the Secretary c 
The Institution. 7 


Me 
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The subscription rates for 1941 are as follows :— 


aii 


"Shipbuilding and Marine ca Abstracts .. 12s. 6d. (post free). 
_ Road Abstracts - * 8s. 6d. (post free). 
- Building Science Abstracts ne .. 14s. 6d. (post free). 

Water Pollution Research : Summary of Current 

4 Literature 2g Z. <5, ‘ sf 18s. 6d. (post free). 

4 Ail subscriptions run from January. 

4 MINISTRY OF HOME SECURITY, RESEARCH AND 

x EXPERIMENTS BRANCH. 


The following additional Bulletins have been issued by the Research and 
| _ Experiments Branch of the Ministry of Home Security. A limited number 
of copies are available upon application to the Secretary of The Institution. 
ee Pplication should be made by post card, quoting the Bulletin No. 


Bulletin No. C.14. Refuge Room Dormitories. 
ss » ©.15. Strengthening Steel Framed Shed Buildings 
against Collapse due to Air Attack. 


: 
. 
A 


THE INSTITUTION BUILDING. 


- Members and Students are reminded that coloured prints of a drawing 
_ of the Institution building (original in colours by H. Rushbury, R.A.), 
may be purchased. The charge is half a guinea a copy; and a limited 
number, signed by the artist, are available at one guinea each (1s. extra 
for packing and postage). The prints (20 inches by 13 inches without the 
border) are mounted ready for framing. Particular attention has been 
paid to obtain a really artistic picture. 


ALFRED YARROW EDUCATIONAL FUND. 


___ The Council have given permission for the following notice to be inserted 
in the Journal :— 


The Committee of Management of the Alfred Yarrow Educational Fund 
Ww wish to say that applications for assistance from the Fund for consideration 
~ in 1941 should be lodged before the Ist June, 1941. The income of the 
4 Fund, which is derived from a donation of £10,000 by the late Sir Alfred 
- Yarrow for educational purposes, is applied for the purpose of educating 
_the sons and daughters of members of The Institution of limited means, or 
the sons and daughters of deceased members, as day scholars or boarders 
at schools of good standing. Children must be upwards of 13 years of age. 
_ Full particulars may be obtained on application to the Hon. Secretary of — 
it the Alfred Yarrow Educational Fund, c/o The Institution of Civil pe care 
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TRANSFERS, ELECTIONS, AND ADMISSIONS. 


Since the 19th November, 1940, the following elections have take: q 
place :— 


Meeting. Associate Members. 
17 December. 16 


and during the same period the Council have transferred two Associate ’ | 
Members to the class of Members, and have admitted thirty-two Students 
DEATHS AND RESIGNATIONS. 


The Council have received, with regret, intimation of the following - 
deaths and resignations :— 


DEATHS. 

Datrympie-Hay, Sir Harley Hugh. (E. 1887. T. 1899.) Member of Council. 
CatLow, GrorcE Eric Cuzstyn, B.Sc. (E. 1921. T. 1934.) Member. 
Cuasp, Lloyd Heber. (E. 1894) a 
Guan, Hector Freeman. (E. 1896. T. 1912.) ; ue 
James, Reginald William. (E. 1889. T. 1935.) 
Lyett, David, C.M.G., C.B.E., D.S.0., D.Se. (E. 1892. T. 1900.) i. 
Monxuovsr, Edward Wyndham, M.V.O., M.A. (E. 1894. T. 1899.) 

(Auditor.) . 
Sparks, Charles Pratt, C.B.E. (E. 1894. T. 1900.) A 
Worcer, Douglas Fitzgerald. (E. 1882. T. 1908.) Ps 
Worrtn, John Edward. (E. 1881. T. 1893.) = | 
ANDERSON, Edwin William. (E. 1883.) Associate Member. — 
Gruen, Frederick Leslie, B.Sc. (E. 1936.) is A 
Harnina, Alexander, B.Sc. (E. 1935.) = + 
Lana, Ernest Frederick Stephen. (E. 1908.) a is 
LigurBown, Thomas. (E. 1936.) s 
Nutson, Campbell James. (E. 1908.) a > 
Sma, Leonard John. (E. 1915.) as Es 
Wirnerorp, Arthur. (E. 1932.) a e 
Dazk, Richard Christian, B.Sc. (A. 1937.) Student. 


*Horn, Thomas Leslie. (A. 1938.) 
* Killed on active service. 


RESIGNATIONS. 
Bett, Archibald Graeme, C.M.G. (E. 1893. T. 1901.) Member. 
Davipson, William Robert. (E. 1907. T. 1927.) 
_ Furtona, Charles le Strange. (E. 1929.) 
Hettmany, Frederick. (E. 1905.) 
Hioxs, George Augustus. (KE, 1907. T. 1922.) 
Morais, Ernest Augustus. (E. 1913. T. 1928.) 
~ Rossxrts, Cecil Henry. (E. 1907, T. 1913.) 
Suaw, Joshua. (E. 1907.) 
Wall, Arthur Thomas. (E. 1930.) 
Woop, Owen Thomas. (E. 1907. T. 1926.) > ; 
Exppon, William. (KE. 1915.) Associate Member. 
Moraay, Frank. [E. 1899.) > a 
Mvoxt», William Fitkin. (E. 1909.) 
PLummeER, George. (E. 1912.) 
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_ Srraxer-Smiru, Thomas Dalrymple, B.E. (E. 1921.) Associate Member. 
_ Witrsuiee, Eric. (E. 1925.) 
_ Workman, Robert Ernest, B.Sc. (E. 1905.) 


” ” 


_ Dawson, Henry Dearle. (A. 1934.) : Student. 
9 : 
GG ‘ 

<4. RECENT ADDITIONS TO THE LIBRARY. 


[Journals, Proceedings of Societies, etc., are not included.] 


BX 


_ Beams. Moorman, R. B. B. ‘Stresses in a Curved Beam under Loads Normal to 
the Plane of its Axis.” Bulletin No. 145. 1940. Director, Iowa Engineering 

Experiment Station, Ames, Iowa. Gratis. 

Borers. Marruews, F.J. ‘‘ Works Boiler Plant.” 1940. Hutchinson. 10s. 6d. 

This book is intended to form a guide to the operation and maintenance of the 
ordinary small industrial plant. The Author concentrates on operation and 
maintenance problems, and deals with a variety of plant conditions causing fuel- 
losses, poor steaming, excessive plant deterioration, etc., for which remedies are 
suggested. Numerous Tables are included, to facilitate calculations in connexion 
with combustion, draught fans, and plant control problems. 

Bumpine. Department oF SOIENTIFIO AND INDUSTRIAL RESEARCH. BUILDING 
Reszarcu. Wartime Building Bulletins, Nos. 1-11. 1940. H.M.S.0. Mostly 
1s. each. 

. Muyistry or Works anp Buitpines. Wartime Building Supplies. 
“ Schedule of Requirements for Government Departments.” 2nd ed. 1940. 
(H.M. Stationery Office. 1s., postage extra). 

The first edition was circulated privately, but its widespread use by Govern- 
ment Departments and by manufacturers, merchants, and contractors has led to 
its wider publicity. The Schedule is based upon the raw material supplies and 
manufacturing capabilities now available, and embodies the latest information 
on approved substitutes and alternatives. Government Departments have agreed 
to follow the new Schedule in all work under their control, and it is to form the 
basis upon which raw materials will be made available to the industry: it is, 
therefore, of the first importance to all interested in building, since its provisions 
show many changes from normal practice and standards, with, at times, the com- 
‘ plete elimination of items which normally are in everyday use. 

* Cantus. Hentxy, W. T. “Practical Cable Jointing.” 4th ed. 1940. Henley 

Telegraph Works, Fixham, Dorking. 5s. 

Curome Orr anp CHRomiumM. ImprERiAL INSTITUTE. Reports on the Mineral 

Industry of the British Empire and Foreign Countries. “Chrome Ore and 

- Chromium.” 1940. Imperial Institute. 2s. 6d. 

Conic Szctions. Smtrx, C. “An Elementary Treatise on Conic Sections by the 

E Methods of Co-ordinate Geometry.” 1937. Macmillan. 8s. 6d. 
Construction. Ackerman, A. J., and Locusr, C. H. “Construction Planning 

and Plant.” 1940. McGraw-Hill. 28s. 

‘onrracts. Hurson, W. J. ‘‘The W.D. Schedule. Questions and Answers.” 

. 1940. Author, Boughspring, Chepstow. 12s. 6d., post free. 

-Enousu. Howstt, A.C. ‘‘ Handbook of English in Engineering Usage.” 2nd ed. 

- --:1940, Chapman and Hall. 15s. 

 Heatiwc. Jounsron, R. M. “A Graphical Solution of Heating Problems.” 
-—s- Bulletin No. 45. 1940. Director, Engineering Experiment Station, Virginia — 

Polytechnic Institute, Blacksburg, Gratis. 
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Macnine Suor Work. Turner, F. W.and Perrics,O.E. ‘‘ Machine Shop ' ve 
1940. American Technical Society, Chicago. 16s. 6d. ; 
Maruematics. Arrkex, A. ©. “Statistical Mathematics.” 1939. Oliver and 
Boyd. 4s. 6d. : = 
Mzruans. Lawrie, J. P. “Methane. Its Production and Utilization.” 1940. 
Chapman and Hall. 6s. > 

a Munition Workers. Vernox,H.M. “ Healthand Efficiency of Munition Workers.” 
1940. Oxford University Press. 8s. 6d. — 

Press Toots. Perry, E. “Press Tool Making.” 2nd ed. 1939. Technical 


Press. 3s. 6d. i 
ip Retativiry. Drnerz, H. “ The Special Theory of Relativity.” 1940. Methuen. 
3s. 6d. fr 


Srwace Disrosat anp SeweracE. Imuorr, K., and Farr, G.M. ‘“‘ Sewage 1 
x ment. With a discussion of Industrial Wastes, by E. G. Moore.” 1940. 
. - manand Hall. 18s. 
Surret-Metat. Arxtys, E. A. ‘“‘ Practical Sheet and Plate Metal Work.” 4th ed E 
1940. Pitman. 8s. 6d. e ’ 
SMoKE PREVENTION. SMOKE PREVENTION ASSOCIATION oF AMERICA. “ Manual of 
Ordinances and Requirements in the Interest of Air Pollution, Smoke Elimination, 
Fuel Combustion.” 1940. 139 North Clark Street, Chicago. 5s. 
Statistics. TrELOAR, A. E. ‘“‘ Elements of Statistical Reasoning.” 1939. Cha] a= 
man and Hall. 19s. 6d. 
SurFace-TENsION. Burpon,R.S. ‘‘ Surface Tension and the Spreading of Liquide” ‘ 
1940. Cambridge University Press. 7s. 6d. 
Turpines. Crower, J. I. ‘Steam Turbines Lubrication Problems.” Bulletin No. 
46. 1940. Engineering Experiment Station, Virginia Polytechnic Institute, 
Blacksburg. 25 cents. — - 
War. Hart, L. ‘‘ Dynamic Defence.” 1940. Faber. 2s. 6d. 
7 -Wrreess. Camm, F. J., Hd. ‘‘ Newnes’ Short Wave Manual.” 1940. Newnes. 5s. 
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PENT ON PRE 


ABSTRACT OF A PAPER FOR DISCUSSION. 


The following Paper will be brought forward for discussion on the 
te indicated in the margin of the abstract, and will be published, with 
ports of the oral and written discussions upon it, in the Journal. 
embers desiring to take part in the consideration of this Paper should 
ply forthwith for advance copies, which will be forwarded as soon as 
ey are ready. Applications for proofs should be made on postcards, 
quoting the number of the Paper. 

A period of about 3 months from the date of publication of the Paper 
the Journal is generally allowed for written communications, which 


ould be :— 


ot 
, 


a 


(a) As concise as possible and entirely relevant to the subject-matter 


of the Paper ; 
(b) Written legibly or typed with the lines openly spaced. 


(Paper No. 5261.) 


« Purther Data concerning Pre-Stressed Concrete: Comparison between 
Calculated Stresses and Stresses registered during Tests.’’ 


By T. J. GuERITTE, B.Se. 


_ The Paper deals with the latest development in plant used for pre- 
ressing, and in the construction of pre-cast and cast-in-situ pre-stressed 
nerete. It describes a 61-foot test beam, being a one-third scale model 
roof trusses of 183 feet effective span, and its tests; and a comparison 
made between calculated stresses and stresses registered. during tests. 


Date of 
Discussion 
18/2/41. 


———- se 


ment, and calculations were appended to the Address, indicating = . 


Le ahs 
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LOCAL ASSOCIATIONS. 


Synopses of 
CHAIRMEN’S ADDRESSES. 


EDINBURGH ASSOCIATION. 


Meeting, 9 October, 1940. 


Mr. J. I. G. MacGregor observed that his remarks were addressed 
mainly to the younger members of The Institution, for they were the 
successors of the older members, from whom they expected guidance in the 
pursuit of the profession ; and in particular, they should have some idea 
of how the art of civil engineering had been practised in directing the great _ 
sources of power in nature for the use and convenience of man. He ~ 
mentioned some of those sources, and indicated the chief natural forces _ 
which engineers were called upon to direct in the design and execution of — 
works. As his first example, he discussed the force of gravity, and to _ 
exemplify how the weights of a large structure were transferred from the — 
points of loading to the foundations, he exhibited, by lantern slide, a 
diagram of the Forth bridge, indicating the live and dead loads to which _ 
that great structure was subjected. He dealt with the relation between 
live and dead loads on the floor of the bridge and indicated how the various _ 
loads were conveyed from platform to foundations, with due regard to the 
effects of temperature and wind-force; and he explained the effect of — 
those forces of gravity, temperature, and wind upon the bridge. 

He also referred to the allowance made in ordinary bridges of more — 
than 40 feet span for temperature, and emphasized the importance of a 
thorough understanding of the relationship between temperature and 
friction. He described centrifugal force and its effect upon permanent 
way and structures, such as high viaducts, and instanced the case of a 
particular viaduct on a sharp curve, to show the additional effect of cen- 
trifugal force upon the design. The effect of that force through excessive 
speed of a train on a curve was indicated by the actual case of a derail- 


following results :— 


The speed resulting in vate by centrifugal force on a 10-chain 
and on an 8-chain curve ; 

The speed resulting in the tire-flange mounting the rail on a 10-chain 
and on an 8-chain curve. 


ia 


Hydraulic force was also considered, and the Chairman stressed the 
result of allowing hydraulic pressure to become active behind retaining 
_ walls through faulty drainage. 

4q His concluding remarks were as follows: ‘I have mentioned a few— 
_ perhaps the more important—of these natural forces which it is your 
privilege to study. It is in the right use of them that you will succeed. 
But do not forget that there is another force presiding over these natural 
orces and moulding them into completion : I mean the force of character. 
_ Many students are well equipped with knowledge, but may not have been 
impressed with the fact that a real appreciation of these natural forces 

hould leave with them something of the nobility of nature itself.” 


NorTHERN IRELAND ASSOCIATION. 


- Mr. R. E. L. Clarke observed that modern fire-power had rendered 
assault more difficult and had reduced the effectiveness of the bayonet : 
he British tank offensives in 1917-18 were revolutionary. The method of 
attack by “infiltration” expounded by the French infantry captain, 
_ André Laffarge, in 1915, was first employed on a large scale by the German 

my in March 1918. Hitler had mechanized and speeded-up that tactical 
system. The method of “elastic defence” or “defence in depth”, 
which was a corollary to the above, was first used by the French north of 
Verdun, and the Hindenburg and Siegfried lines were notable examples of 
systems of “ elastic defence.” 
The mechanization and motorization of the British army had been 
urged by General Sir John Dill, the new Chief of the Imperial General 
Staff, by Major-General Fuller, and by Major-General Wavell, and had 
been accepted in principle by the Government. The battle of the Ebro 
witnessed the first test of attack on a large scale by motorized infantry 
supported by tanks and aeroplanes. That technique was further developed 
n the German mechanized attack on Belgium and France. The answer 
fo a motorized and mechanized attack supported by aeroplanes, lay in the 
ise of a similar or more developed technique supported by the “ defence 
n depth.” 
ee complete mechanization should produce equal fire-power with 
fewer men, and thus release munition-workers. Motorization on a larger 
sale would relieve the heavily-burdened infantryman and enable him to 
mry body armour to protect vital organs. The steel helmet might be 
designed with the view of affording more comfort and protection for 
y neck, ears, and eyes. Battle training should be based upon the latest 
levelopments of attack and defence. 
- Dominant superiority in the air was likely to be a decisive factor. 
inished vulnerability was very important, particularly in connexion 
air raids, which struck readily at the vital sources of power. Dispersal 
was 3 effective only when ees were aimed at definite objectives. > 
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(2) 
Civil and military engineering experience was very valua 
planning of Air Raid Protection. Apart from the use of steel or 
plate, reinforced concrete had been found to give the greatest 
all-round protection. Provided conditions were suitable, below-gi 
— protection was best; shock-waves were damped by soft materials, ar 
large bomb which would smash through 15 feet of concrete would, pro 
not smash through two 5-foot blocks of concrete with 5 feet of 

between them. ~ 
Of the “ Official” shelters, in the absence of demolition loa 
flooding, the “ Anderson ” type, sunk about 4 feet into the earth, pro 
‘ the best protection. Basement shelters were, generally, conside 
oe .: least satisfactory of the official proposals. r, 
4 Certain heavily-protected types of shelters, for example, the | 
dane” and “ Arup ” types, afforded good heavy protection ( 
direct hit from a 500-Ib. bomb) at a reasonable cost for that t 
protection. : ; 
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